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PMPARISON BETWEEN MICRO-MODIFICATIONS OF 
ROTHROMBIN-PROCONVERTIN DETERMINATIONS 
Pe OOP itik PROTAROMBINGSTIME-METHOD» 
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From the Pediatric Department and the Department of Obstetrics A, 


Rigshospitalet, 


Umiversity Hospital, Copenhagen, 


Denmark 


(Received for publication June 6, 1957) 


theoretical and practical problems in- 
in determination of the prothrombin 
especially in 
wborn, have been thoroughly discussed 
sen (1952). 
the present 


y of plasma and blood, 


investigation the two 
1s compared are Dyggve & Lund’s 
cation of Owren’s method (modified 
s, 1952) for the determination of the 
ved effect of prothrombin and procon- 
(the so-called PP-value) and Larsen 
m’s modification (1941) of Quick’s 
1 prothrombin time method, a micro- 
1 which has been used extensively in 
andinavian countries. 

omparison of the PP-values obtained 
1e Owren-Aas technique and with our 
howed good agreement (Dyggve & 


ported by a grant from the Danish State 
h Foundation. 


Lund, 1954; Lund & Dyggve, 1954). Our 
method and the method of Larsen & Plum 
have been used with both capillary and ve- 
nous blood without any significant differ- 
ence in the results. Plum and Larsen consider 
the best way of indicating the result of the 
prothrombin time method is to give the time 
in seconds and simultaneously the time ob- 
tained in a normal adult with the same 
thromboplastin preparation. On the other 


Geil, & Dam 
(1955) prefer to calculate the ‘‘Prothrombin 


hand, Lund, Sondergaard 
Index” as the ratio between the prothrombin 
time of a normal individual and that of the 
patient. In this paper I prefer calculating the 
prothrombin time as prothrombin percentage 
using the graph of Larsen (1952, p. 80; 
cf. Plum, 1943). 

It has been clearly shown, both in patients 
treated with dicumarol and in the newborn, 
that a decrease of prothrombin as well as 
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proconvertin in plasma is a constant finding. 
Since both factors are influenced by vitamin 
K it seems desirable to compare the two 
methods. The advantage of micro-methods, 
especially in infants, is obvious. 


MATERIAL AND METHODS 


The method of Larsen & Plum (1941; see also 
Plum & Larsen, 1941 and 1942) was employed 
using frozen human brain thromboplastin (Dam & 
Glavind, 1938) and blood from a briskly bleeding 
heel puncture with mixture in their special pipette. 
With this method the normal time for adults is 
18—19 seconds. The result was calculated as per- 
centage of the normal adult value obtained the 
same day with the same thromboplastin preparation. 
The standard graph of Larsen (1952, p. 80) was 
made by comparison of the prothrombin times 
(Larsen & Plum method) with percentages ob- 
tained on the same blood using a modified Thordar- 
son dilution method (cf. Plum, 1943). Larsen found 
correct results when a number of experiments, with 
dilution of normal blood with newborn blood with 
greatly prolonged prothrombin times, were plotted 
on his graph. There will be no appreciable differ- 
ence with different preparations of thromboplastin, 
provided these are made according to Dam & 
Glavind. 

The technique of Dyggve & Lund (1954) was 
used for the PP-method. The human brain throm- 
boplastin and ox plasma were prepared according 
to Owren & Aas (1951). We use 0.1 ml capillary 
blood quickly mixed with the sodium citrate solu- 
tion in a special pipette. After centrifugation and 
determination of the coagulation time of the plasma, 
the result is given in per cent of the normal value 
using specially prepared graphs. 

Approximately one hundred newborn infants 
were used in this investigation. The actual number 
of newborns examined on the different days of life 
varied between 83 and 112. No-vitamin K prepara- 
tions were administered either to the mothers or 
the infants. The material includes no infants with 
birth weight under 2000 g. No case of hemorrhagic 
disease occurred during the period of investigation. 


Only results obtained with both methods on fj 
same infant at the same intervals after birth al 
included. The determinations were made either } 
the author or by a specially trained technician undj 
his close supervision. 


between the distribution of the values ¢ 
tained by the two methods. The percentage 
obtained by the PP-method tended to } 
a little lower than those found with the pr 
thrombin time method. Especially the pe 
centage of infants with PP-values below 
per cent of the normal adult values was ¢ 
siderably higher than the percentage of if 
fants with such low values with the Larse 
Plum technique. This is not apparent fro 
the figure. Fig. 1 shows that in general # 
results were quite similar. In the authot 
opinion this indicates that the method % 
Larsen & Plum is just as reliable as the oth 
method during the postnatal period. Th 
Larsen-Plu 
method probably measures quite accurate 
the combined decrease in prothrombin ai 
proconvertin (factor VII) found in newbe 
infants. 


for practical purposes, the 


The PP-method is somewhat more cof 
plicated than the Larsen-Plum method a 


it is necessary to store the ox plasma reage 
at —20° C. 


SUMMARY 


: 


; 

One hundred newborn infants were ex 
mined daily during the first week of life be 
with a micro-modification of Owren’s pr 
thrombin-proconvertin method and wi 
Larsen & Plum’s prothrombin time meth« 


MICRO-MODIFICATIONS OF PROTHROMBIN-PROCONVERTIN DETERMINATIONS 3 


Untreated 


Infants 


20 40 60 60 100% of cases 


Psifeas IU. 


A: Distribution of prothrombin-proconvertin per- 
centages (micro-method) and 

B: Distribution of prothrombin time values (in per 
cent) of 100 newborn infants during the first 


six days of life. 


Ordinate: A: Per cent of prothrombin-proconver- 
tin (PP-value) 

B: Per cent of “prothrombin activity”. 

Abscissa: Per cent of number of cases examined. 


sults are given in per cent of the nor- 
lult values. No vitamin K was admi- 
d either to the mothers or the infants. 
e only small differences were found 
n the results obtained by the two me- 
it is concluded’ that the Larsen-Plum 
| generally measures the combined de- 
in prothrombin and proconvertin ordi- 
observed in the newborn. 
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h present therapeutic procedures tis- 
itabolism is inevitable in the oliguric 
of acute renal failure. Among other 
its water and potassium are liberated 
he catabolized tissue and must be eli- 
sd via extrarenal routes, if body com- 
mn is to be maintained within normal 
Excess water is readily excreted with 
sible perspiration” or via other extra- 
routes, if care is taken that water in- 
s kept sufficiently low to induce an 
wriate weight loss of the patient. The 
of potassium to water excreted via 
enal routes is, however, far lower than 
rio of potassium to water in catabolized 
Consequently, a relative potassium 
must inevitably develop in the oliguric 
sm. 
so far as therapeutic attempts effecti- 
) slow down or arrest potassium release 
abolism have hitherto failed, the aim 
tment must be to remove excess potas- 
rom the oliguric organism. For prac- 
irposes plasma potassium conecentra- 
used as a measure of potassium excess, 
ve effect of therapeutic procedures to 
t potassium intoxication is assessed by 
bility to reduce or normalize an eleva- 


pported by a grant from “Reinh. W. Jorck 
trus Fond’. 


or 


ted concentration of potassium in the plasma. 
Extracellular potassium accumulation and 
total potassium excess are, however, not 
necessanily quantitatively related, for which 
reason therapy guided by plasma potassium 
concentration may not meet the theoretical 
ideal requirements outlined above. In view of 
the rapidity with which potassium generally 
reaccumulates in the extracellular fluid fol- 
lowing e.g. dialytic removal of potassium, 
this question is of considerable practical im- 
portance and the purpose of the present study 
was therefore: 


1) to assess to what extent extracellular 
potassium accumulation reflects total potas- 
sium excess in the oliguric patient, and 

2) to ascertain whether variations in the 
total quantity of potassium removed during 
dialyses affect the rate of reaccumulation of 
potassium in the extracellular fluid in the 
period following dialytic treatment. 


MATERIAL AND METHODS 


The study was performed on 19 patients with 
oliguria due to acute renal failure. 15 had acute 
renal failure following shock and 4 other renal 
diseases (bilateral 
glomerulonephritis, myeloma kidney). 8 were males 
and 11 females, average age was 49 years with a 


renal cortical necrosis, acute 


range from 19 to 72 years and average duration of 
severe renal failure (7. ec. 24-hour endogenous crea- 
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tinine clearance below 5 ml/min.) was 15 days with 
a range from 5 to 51 days. The patients were treated 
according to conventional conservative measures 
described elsewhere (Thaysen, Gjgrup & Killmann, 
1957) and subjected to balance studies as regards 
inter al. sodium and potassium, intake of nitrogen 
and calories, urea excretion and daily weight re- 
cordings. In 11 patients conservative treatment was 
supplemented with a total of 22 hemodialyses. The 
balance studies were performed in periods starting 
on admission and following dialytic treatment when 
administered; the periods terminated on the day 
of maximal serum urea concentration (respectively 
dialysis). 

Extracellular potassium accumulation Ci) was 


calculated as: 
IK NIM SE ICY 


ec 
where A K is the rise in plasma potassium con- 


centration over the period examined and ECV 


extracellular fluid volume calculated as 15 per cent 
of body weight at the middle of the period (Levitt 
& Gaudino, 1950). 


Potassium 
(Ko ees) Was calculated over the same period as 


K,,, by the formula: 


excess in the oliguric organism 


r 


Kk 


= Ky alance Kijberated 


excess 

where 
r Oye 
Ky alance K 


== Ik 


intake (peroral + parenteral) 


excreted (renal + extrarenal), 
Usually Kyajance WaS negative since exogenous 
potassium supply was generally omitted. 


Assuming that 3 meq. of potassium are liberated 
for each g of nitrogen catabolized (Darrow, 1950). 


Kiiberated = N catabolized x 3 
where 

N .atabolizea= A Serum urea N X TBW + Urea 
N excreted, since the nitrogen intake was zero or 
negligeable. 

TBW was calculated as 60 and 55 per cent of 
body weight in the middle of the period for men 
and women respectively. 

Hemodialyses were performed from radial artery 
to antecubital vein, using an Alwall dialyzer 
(Model 1953) (Alwall et al., 1947—56) with a mem- 
brane pump between artery and apparatus to secure 
a blood flow of about 250 ml/min. The dialyzing 
surface is about 2 sq. m and the average “urea clear- 


ance” about 120 ml/min. As the volume of 1 
dialyzing fluid (which is changed every 1—2 hout 
is known, analysis of the fluid yields informat 
about the quantity of substances removed dur 
the procedure. 


RESUS 


The relation between extracellular pota 
sium accumulation (K,,) and potassium ¢ 
cess (Koreoss) Of oliguric organisms \ 
examined in 16 of the 19 patients, either n 
dialyzed (7 cases) or in the period antecee 
ing their first dialysis (9 cases); the @ 
maining 3 patients were dialyzed shor 
after admission, for which reason balamet 
studies prior to the first dialysis were 
possible. The regression of K,, on K a, 
was 0.13 with a large standard deviation 
0.03, but significantly different from the rai 
of 1.00 which should have been expect 
ii all excess potassium were accumulate 
extracellularly (Fig. 1). The mean ratio @j 


Kk ; 
em for all 16 patients was 0.22 (+ 0.11) 


excess 


150 
es 7A 
y=K e=Intracaval glucose 
eC) 9: Others a 
100 
50 


Fig. 1. The relation between extracellular potas 
sium accumulation () and total potassium exces 
(Ik ) in 16 balance periods of 16 patients. 


excess 


DISTRIBUTION OF POTASSIUM EXCESS IN OLIGURIC PATIENTS 


was no significant difference of this 
tween 6 patients treated with intra- 
lucose infusion at the rate of about 
lories per day (mean ratio: 0.22 + 
ind 10 patients receiving 100 calories 
cose or less per day (mean ratio: 


0.11). The ratio ree 


= Resets 
antly affected by variations in the 


was not 


of acidosis as estimated by the stan- 
icarbonate concentration. 

e findings demonstrate that only a 
1 (in the present material about 1/5) 
ssium excess in the oliguric organism 
mulated in the extracellular fluid. 
val infusion of glucose at the rate of 
alories per day does not affect this 
of distribution, neither do moderate 
ns in the degree of acidosis. 


Seated S| 12 Dialyses 
petassiany K removed 
Siclnhs mean 150 meq 
eae range 82-260 meq 

6 

bea 

4 

3 


SS ————— 
A ht 2: Oe mi SOs © 7, 
a hours of dialysis 


| 


The effect of acute potassium removal on 
plasma potassium concentration. 


In 12 dialytic treatments on 8 patients dia- 
lysis was carried out against a potassium-free 
solution for 2—3 hours following which 
potassium was added to the dialyzing fluid 
in a concentration of 4.5 meq,/liter. The 
measured total quantity of potassium re- 
moved in the 12 dialyses (mean 150 meq., 
range 82—260 meq.) was approximately 
equal to potassium excess in the oliguric 
organism on the day of dialytic treatment 
(mean of 8 dialyses on 6 patients in whom 
this calculation was possible: 97 meq. with 
a range from 8—153 meq.). The rate of re- 
duction of plasma potassium concentration 
during dialysis is seen in Fig. 2 A. 


es 84 10 Dialyses 
potassium| K removed 
conc a mean 419 meq 
meq - range 300-630 meq 
64 a 
5 
4 
l 
A u 
B 1 a es Fs al eg 
2: hours of dialysis 


Fig. 2. The effect on plasma potassium concentration of varying de- 

grees of potassium removal during dialysis. A. 12 dialysis with re- 

moval of an average of 150 meq. B. 10 dialyses with removal of 
an average of 419 meq. 
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In 10 dialytic treatments on 4 patients 
dialysis was carried out against a potassium- 
free solution throughout. The measured total 
quantity of potassium removed in the 10 
dialyses (mean: 419 meq. with a range from 
300 to 630 meq.) exceeded the potassium 
excess in the oliguric organism on the day of 
dialytic treatment (mean of 8 dialyses on 3 
patients in whom calculation was possible 
138 meq., range 31—276 meq.), indicating 
that definite depletion of body potassium was 
induced. Despite potassium depletion, plasma 
potassium concentration remained within 
normal range, although with a slightly falling 
tendency (Fig. 2B). 

With both procedures the amount of po- 
tassium removed from the extracellular com- 
partment only represents a fraction of the 
total quantity of potassium removed, the 
greater amount being in all probability de- 
rived from intracellular pools. Since average 
rate of potassium removal by dialysis against 
potassium-free solution was 60 meq. per hour 
and since plasma potassium concentration 
was first normalized after 2 hours of dialysis 
against this solution it may, moreover, be 
concluded that removal of intracellular potas- 
sium occurs from the start of dialytic treat- 
ment and takes place even against an elevated 
concentration of potassium in the plasma. In 
the course of these 2 hours extracellular po- 
tassium was reduced by an average amount 
of 25 meq.; the ratio between average re- 
moval of extracellular potassium and average 
removal of total potassium (120 meq.) was, 
thus, about 1/5. 


Effect of mere removal of potassium ex- 
cess versus effect of potassium depletion on 
the rate of reaccumulation of potassium in 
the extracellular fluid. All of the 11 dialyzed 
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Table I. Plasma potassium concentratu 
in the period following dialysis in two grow 
of patients treated with varying degrees 
of potassium removal. 


| | 


Plasma potassium — 


Potace concentration (meq/]} 
Gase Dia- sium on first 5 days 
No. lysis | removed following dialysis 
N (meq) 
Group A 
16 5 150 5.0 | — | 6.0 
6 100 66 | 7.4 | 7.2 
18 a 150 4.4 14.3 | 5.1 
30 20 260 4.4 | 5.2 | 6.0 
21 150 a esye || dal || S)37/ 
32 DD 164 Geille leSreia (2a) 
38 24 130 5.0 | 6.4 | 6.6 
39 25 82 (558) || Keo24 | 
27 — 622) |PSe5res. Oules 
44 30 110 5225 6.47 | Oe 7alncal 
31 151 OO So7 |) © 
46 32 205 S525 | 558 |tOe5 
Mean 
150 57 || SHO || CHO) 
Group B 
20 9 352 — 17.515 
10 350 0 
26 4.9 | 4.3 
S$) || B27 
4.7 | 4.6 
4.8 | 4.5 
27 65 | [es 
5.2 | 5.4 
5.4 | 5.4 
39 So) || OO 
0 = dead. 
* — 


repeated dialysis. 
patients survived their disease or lived su 


ficiently long to permit a study of this prob 
lem. Table I demonstrates that there was fi 


te between the two dialytic procedu- 
‘gards the rate of increase in the con- 


n of potassium in the plasma in the 
lowing dialysis. To exclude that this 
difference between the two groups 
to differences in K 


excess PET 24 hours 


e ratio —“— 
Took 
Iculated for each group separately. 


falues for K 


, these two parameters 


per 24 hours in 
. and group B were 19 and 20 meq. 


excess 


vely, or almost identical. Mean values 
BD Keccne 
- 0.10) and 0.30 (+ 0.16), resepecti- 


t significantly different by a T-test. 


in the two groups were 


- findings demonstrate that potassium 
h during dialysis offers no advantage 
re removal of potassium excess with 
to the rate of reaccumulation of po- 
in the extracellular fluid in the period 


¢ dialytic treatment. 


' 


MMARY AND CONCLUSIONS 


studied 


aestire 
tion of potassium excess in the oli- 


een oliguric patients were 
€ purpose of investigating 


‘ganism and b) the effect of varying 
of dialytic potassium removal. 

Jance studies showed that only about 
re calculated potassium excess in oli- 
atients was accumulated extracellu- 
‘he remaining 4/5; were stored else- 
srobably within the cells. This pattern 
‘bution was found to be independent 
jagnitude of potassium excess within 
| of variation from 13 to 157 meq. 
hen dialysis was carried out against 
iium-free solution until normalization 
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of plasma potassium concentration, the quan- 
tity of potassium removed into the dialyzing 
fluid was approximately equal to the cal- 
culated potassium excess of the dialyzed 
patients. Only about 1/5 of potassium re- 
moved under these conditions was derived 
from extracellular sources. The remaining 
4/5 were probably derived from the cells, and 
removal of cellular potassium took place 
from the start of dialytic treatment, even 
against an elevated concentration of potas- 
sium in the plasma. 

3. The characteristic distribution of potas- 
sium excess between extra- and intracellular 
compartment was, thus, maintained during 
gradual accumulation of potassium in, as well 
as during rapid removal of potassium from, 
the oliguric patient. It corresponds roughly 
to the distribution of a single intravascular 
potassium load in dogs (Winkler & Smith, 
1938) and in cats (Wiede, 1939). 

4. When dialysis was continued against a 
potassium-free solution following normaliza- 
tion of plasma potassium concentration, re- 
moval of potassium into the dialyzing fluid 
continued with unaffected rate and exceeded 
the calculated potassium excess of the dia- 
lyzed patients. Despite the fact that definite 
depletion was induced, there was no further 
significant decrease in plasma potassium con- 
centration, and it must be assumed that the 
bulk of removed potassium was derived from 
intracellular sources. 


5. This finding on the effect of acute po- 
tassium depletion in man corresponds to the 
results on dialytic potassium depletion in 
dogs (Weller, Lown, Hoigne, Wyatt, Cris- 
citiello, Merrill & Levine, 1955). Apparently 
a normal plasma potassium concentration is 
maintained considerably longer under con- 
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ditions of potassium depletion than under 
conditions of potassium excess. 

6. Theoretically it might have been expec- 
ted that patients treated with mere removal 
of potassium excess and patients in whom 
actual potassium depletion had been induced 
would react differently to catabolic potassium 
release in the period following dialytic treat- 
ment. However, in the present series there 
was no significant difference between the two 
groups with respect to the rate of reaccumula- 
tion of potassium in the extracellular fluid. 
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value of the radioactive iodine tech- 
n the diagnosis of thyroid disorders 
well established. In these procedures, 
e direct uptake of 13'I by the thyroid 
ind the excretion of 131I in the urine 
sen used as indicators. The reliability 
atter method, 7. e. measurement of the 


tivity in the urine during the first 24 
hours after administration of a dose 
has been proved (Skanse, 1949). The 

on method seems to be the method of 
in Finland, where goitre is endemic 

e thyroid glands of different subjects 

ary much in size andi shape (Lamberg, 

ere & Kuhlback, 1956, and others). 
hyrotoxicosis, the bulk of the admi- 

d radioiodine is trapped by the thyroid 
and the urine excretion of 13!I is thus 

n earlier investigations, it has been 
that in thyrotoxicosis the 48 hour 

dine excretion is usually below 30 per 

f the dose administered. This figure 

ye set against the background of the 

h goitre endemic, since in areas with 

ic goitre there is a tendency for iodine 

rapped even in euthyroidism. In hypo- 
lism, the 48 hour excretion is usually 

10 per cent, and it is noted that on the 
day especially (24—48 hours) there 


ially high excretion values (Lamberg, 
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Wahlberg, Kuhlback, Hernberg & Stenius, 
1957). 

Like every other excretion test, the 13! 
test also depends on renal function. Free 
iodine, anid hence also 131], is ultrafiltered 
in the glomeruli and is reabsorbed in the 
tubules — probably by a passive process — 
to about 50 or 70 per cent. In this respect, 
iodine has been compared with urea, and the 
131T clearance has been showed to be of the 
same order of magnitude as the urea clear- 
ance (Bricker & Hlad, 1955). 

It is thus clear that the excretion of radio- 
active iodine must diminish if renal function 
is impaired. This fact has been stressed by 
Skanse (1949), who in ten patients with ren- 
al failure saw a more or less low excretion 
of radioactive iodine. The 24—48 hour ex- 
cretion was proportionally higher than usual. 
Perry & Hughes (1952) observed a slightly 
decreased 13!I excretion in eight patients with 
renal failure. Castenfors, Ek & Porjé (1953) 
demonstrated a markedly diminished radio- 
iodine excretion and clearance in four pati- 
ents with severe nephritis (inulin clearance 
3—/7 ml/min.). 

The present study of the 13!I excretion in 
renal failure has ‘been carried out for the pur- 
pose of demonstrating the degree to which 
renal function must be impaired in order to 


eZ B. 


Tablel. The #11 excretion test im 


control subjects. 
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disturb the radioiodine excretion, and hoy 
the excretion pattern is influenced by rem 


ee failure. 
Percentage 1311 | 
Endo- excretion | 
enous Mean 
BonoM a : MATERIAL AND METHODS 
Case | creatinine daily 
No, | clearance re | & £ urine out- The subjects investigated were 15 controls (with 
ml/min. a i e put ml out demonstrable thyroid or, renal disease), J 
1 x | a patients with renal failure (chronic nephropathy jj 
steady state), 20 patients with thyrotoxicosis ail 
1 145 BHR 1.9 Belo) 1190 8 with hypothyroidism. The 134I excretion test Wa 
Z, 143 27.1 15 28.6 1710 performed according to methods previously descr! 
3 125 oa. oe oa spa bed (Lamberg, Wahlberg & Kuhlback, 1956; 
. oo 48.3 27 51.0 1450 berg et al., 1957). About 50 wC of #31 was ad 
6 106 25.0 0.5 25.5 1040 nistered by mouth, and the 0—24 and 24—48 how 
7 102 40.0 0.2 40.2 1320 urine was collected and its radioactivity determinel 
8 102 24.4 0.4 24.6 910 with a scintillation counter. As an approxift 
9 9 28.3 13 ae By) indicator of renal function the endogen it 
10 95 46.0 2.4 48.4 1120 occUabiarmi testis ag 
11 90 52.4 57 58.1 1940 ine clearance test was used. It was performed a 
12 85 26.8 1.0 27.8 1790 cording to standard principles as described pri 
13 85 46.5 0.9 47.4 2210 ously (Kuhlback, 1957). Two clearance periods i 
14 84 30.9325 54.4 1600 2] ; | - 
15 65 61 46 30.7 930 2 hours each were used. 
Table II. The 1311 excretion test in renal failure. 
Endogenous Percentage !%!I excretion Mean 
Case Diagnosis creatinine daily | 
No. clearance urine ou 
ml/min. 0—24h | 24—48h | 0—48h | putm 
16 Pyelonephritis ............0.0-- 70 16.1 9.4 25.5 108 
dag INGA Nisistxe ey So agoanacnees eens 62 53.8 LZ INAS 1120 
18 INephropathia:chisae eee 56 27.0 3.0 30.0 1310 
19 EVvelonephtitisuanram ete eee 45 26.0 WS 38.5 1060 
20 INephropathiag stress oe: eee et eae 40 D355 a? 30.7 1620 
21 iNephropathiamei rire ene 39 Mes 6.8 34.3 1730 
22 iNephritis:chie ew errr ore 29 26.7 Hel 33.8 2050 
23 INephiitisech tara cr rt eeieter trae 29 7.8 0.0 7.8 2060 
24 Rrdehy drone phiOsm ia neni a7 22.9 10.0 32.9 1970 
DS INephritiscchirmapiesy- a ere tere 24 13.8 4.0 17.8 2280 
26 Pyelonephititis soos te 0s oe 23 10.1 1.3 11.4 2330 
27 Rvclonephritisichiise eae 22 NS 5.0 16.9 1710 
28 INGialeTaG Caer casoogoceneooacec 20 23.8 13.0 36.8 2710 
29 INephrocitthosisa enim ne fe 23.4 HR 30.6 2150 
30 PVclonephettissch tam 1. ener 16 19.7 Sia8) 23.0 2035 
31 INephtopathiaychr. yas. )ae eee 11 WAS d shee 13.0 4130 
32 EVelonep iki tisnch tema herent 8 3.5 Aa Sy? 1380 
33 ING phinitisrchieer sete ee ee i 5.9 5.6 AES: 2660 
34 INE DHLOSCIELOSISHEA EE Senne 3 5.9 4.4 10.3 1900. 
35 PVGLOMepatitls (Chia ae aaa 3 6.2 6.2 12.4 1900 
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e III. The 11 excretion test 
| im thyrotoxicosis. 


a 


|. Percentage #1] excretion 
| creatinine 
| clearance 
| ml/min. 


O0—24h | 24—48h 


0O—48h 


179 13.8 1.0 14.8 
153 13.5 fey 15.2 
| 142 9.5 ‘ipa 10.6 
| 142 26.2 VD 28.4 
141 16.9 2.0 18.9 
134 WD 0.8 14.0 
130 Sey Dil 10.8 
126 15.1 0.6 15.7 
iy 123 11.9 1.4 183 
fe 17 3.8 0.8 4.6 
fee 114 13.9 1.3 15.2 
114 12.1 2.5 14.6 
Pe 110 5.5 1.5 7.0 
108 1B 1.4 14.6 
107 13.3 2.0 15.3 
L 106 17.0 39) 20.2 
F 104 13.4 0.8 14.2 
99 20.6 3.5 24.1 
87 2.5 0.7 3D 
83 HD 1.5 8.7 
RESULTS 


esults are compiled in Tables I—IV. 
ties for the 13!I excretion in normal 
as well as in thyrotoxicosis and 
roidism are in accordance with earlier 
from Finland (Lamberg et al., 1957, 
re et al., 1957). It must be noted that 
the control subjects display an ex- 
which is below the normal 30 per 
lis is due to the occurrence of an in- 
thyroid affinity for iodine in an en- 
jitre area. The low total excretion in 
<icosis and the high excretion during 
nd twenty-four hours in hypothyro- 
ere notable. 
jal failure, the results were dissimi- 
he endogenous creatinine clearance 


ve 30 ml/min., the O—48 hour 11] 


Lo) 


excretion was within normal limits, but the 
24—48 hour excretion was higher than nor- 
mal. When the clearance values were 15—30 
ml/min., the O—48 hour radioiodine excre- 
tion was normal in some patients, in others 
decreased. The 24—48 hour value was some- 
times increased. When the clearance values 
were below 15 ml/min., the O—48 hour radio- 
iodine value was always decreased, and the 
24—48 hour value high in proportion to the 
O—24 hour value. It is seen that radioiodine 
excretion was independent of diuresis. 

The results are further elucidated by a 
diagram (Fig. 1). 


DISCUSSION 

The results show that renal failure may 
considerably disturb the 131I excretion test. 
In mild renal failure, the high excretion 
during the second 24 hours may suggest 
hypothyroidism if the renal disease is not 
recognized. The clinical picture, with inertia, 
dry puffy skin and edema, may also some- 
times be confusing. The situation is not 
clearer when one realizes that in hypo- 


TablelV. The 41311 excretion test 


in hypothyroidism. 


ee Percentage 131] excretion 


Case creatinine 
No. clearance 
ml/min. | Q—24h | 24—48h | 0O—48h 

56 89 Dies 19.5 46.8 
57 82 53.1 16.9 70.0 
58 71 54.5 Piles 76.0 
59 69 53.5) 20.0 15.0 
60 59 54.0 23.6 77.6 
61 56 40.5 Dyes 66.0 
62 54 51.8 10.6 62.4 
63 54 72.4 LRG 90.0 
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48 hour 31) excretion, °/o of dose 


° 40 80 120 160 
Endog, creatinine clearance, ml/min. 
0 controls 


® renal failure 


Fig. 1. The correlation between the 48 hour 1 
excretion and the endogenous creatinine clearance 
in renal failure and in controls. 


thyroidism kidney function is somewhat 1m- 
paired (Beaumont & Robertson, 1943; Cor- 
coran & Page, 1947; Hlad & Bricker, 1954; 
Kuhlback, 1955; Yount & Little, 1955), and 
in thyrotoxicosis slightly increased (Aas & 
Blegen, 1949; Hlad & Bricker, 1954; Kuhl- 
back, 1955). The O—48 hour excretion, how- 
ever, is usually higher in hypothyroidism 
than in renal failure. Usually the history and 
clinical and laboratory tests, of course, rea- 
dily allow of a correct diagnosis. 

In severe renal failure, the 48 hour excre- 
tion of 131] is very low, in the same way as 
in thyrotoxicosis. In renal failure, however, 
the second day’s excretion is proportionally 
high compared with the corresponding value 
in thyrotoxicosis, where it is low. 

Direct measurement of the radioactivity 
over the thyroid gland may perhaps give 


better results than the excretion test in thep 


cases, but it must be borne in mind that {j 
delayed excretion through the kidneys pla 
a role here, too. The radioactive iodine po 
remains high for an unusually long time| 
excretion through the kidneys is poor, aj 


roid is not suitable where goitre is endef 
as is the case in Finland. 


SUMMARY 
The 131I excretion test was studied 
patients with renal failure. If the endogenoi 
creatinine clearance was above 30 ml/m 
the 48 hour radioiodine excretion was founl 
to be normal, but the 24—48 hour value wi 
higher than usual. When the clearance val 
were 15—30 ml/min., low values of th 
hour excretion were sometimes seen, 
24—48 hour excretion was occasionally hi | 
If the clearance was below 15 ml/min., t 
48 hour excretion was low and the 24 
hour value proportionally high. § 
It is pomted out that the 1311 excretit 
values in mild renal failure may sugg 
hypothyroidism, whereas the values in sev 
renal failure may be similar to those in thyt 
toxicosis. 
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Several investigations have shown that 
substance P, a biologically active polypeptide 
which normally occurs in intestinal and brain 
tissue, has a powerful stimulating effect on 
smooth muscle, especially on isolated intest- 
inal segments (Euler & Gaddum, 1931; 
Euler, 1936; Pernow, 1953) but also on the 
intestine in situ (Gernandt, 1940). It has 
been claimed that substance P constitutes a 
stimulus for the spontaneous motility in the 
intestinal wall (Euler, 1936). This view is 
1. a. supported by our knowledge about the 
distribution of substance P in the different 
segments and tissue layers of the intestinal 
wall, the highest concentration being found 
in muscularis mucosae and the external mus- 
cular layers of the duodenum and the ileum 
(Pernow, 1951; Douglas, Feldberg, Paton & 
Schachter, 1951). Gernandt (1940), studying 
the effect of substance P on the peristaltic 
reflex, found that if substance P was admi- 
nistered, the peristaltic reflex was obtained 
at a lower intraluminar pressure than that 
otherwise required. 

Substance P is known to exert its contract- 


ing 


effect mainly by a direct stimulation of 
the smooth muscle fibres, which implies that 
its effects are not influenced by nicotine, 
cocaine, or more specific ganglionic blocking 


agents (Pernow, 1953). As has recently been 


the stimulating action of substance P. 


shown by Blair & Clark (1956), isol 


segments of rabbit intestine react less Mm 


are also observations which suggest that 
content of substance P in the intestinal 
would partly be related to the nervous stil 
ture, especially the ganglion cells. 1 
Ehrenpreis & Pernow (1953) showed 1 
the content of substance P in the agangltoil 
portion of the rectosigmoid in Hirschspru 
disease is essentially lower than in the 
responding segments under normal co 
tions or in adjacent neurohistologically i 
mal segments. 


a 


The effect of substance P on the circulati 
has a yet not been studied in detail. Euler! 
Gaddum (1931), and others, have sh 
that after intravenous injection substameé: 
produces a rapidly transient fall in Dbl 
pressure owing to peripheral vasodilatal 
Holton & Holton (1952) also have not 
vasodilatory effect after intra-arterial im 
tion into the denervated isolated rabbit 

Up to the present no studies have 
carried out on the effect of substance | 
man, mainly for the reason that the avail 
preparations of substance P have not I 
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ficiently high degree of purity to allow 


dies to be undertaken. This investiga- 
the first of a series of studies in man 
is made chiefly to study the effect of 


ce P on the intestinal motility. 


METHODS 


Preparation of substance P 


material used for the preparation of sub- 
iP was The 
on and subsequent purification were done 
ig to the method described earlier (Pernow, 
consisting of precipitation with ammonium 
and 


small intestine from cows. 


adsorption on aluminium oxide 


in 
activity of the preparations was 600 to 800 
r mg. The active fractions were poured 
erile conditions into ampoules, each holding 
ts, evaporated to dryness im vacuo in cold 
red at —20° C. Under these conditions the 
remained unchanged for more than one 
t each investigation the required amount 
ance P was dissolved in physiologic saline 
The activity was checked regularly after 
seriment. In connection with the evaporation 
sss a decrease in activity of 5 to 25 per cent 
erved. 
| 


Method for studies on isolated 
human intestine 


dieces of intestines were obtained at opera- 
astro-enterostomies, segmental resections in 
cancer etc.). The gut was immediately after 

placed in Tyrode’s ae BG: 
of intestine, about one cm of the circum- 
and 2.5 cm in length, was then suspended 
‘dinary intestinal bath, containing Tyrode’s 
lat 35°C. The capacity of the bath was 
id the bath fluid was aerated with 6.5 per 
ys in Oz. 


solution 


are indebted to AB Astra for carrying out 
step in this procedure. 


Studies on human subjects 


The authors carried out preliminary experiments 
on themselves, in which substance P was injected 
subcutaneously and intravenously. The rest of the 
material consisted of eight persons between 15 and 
75 years of age, six of whom had recovered from 
duodenal ulcer, one, born 1880, with advanced cancer 
of the stomach, and one patient with a dynamic 
ileus. The latter was a 48 year old woman in whom 
the clinical and roentgenologic picture was that of 
paralytic ileus. The subsequent investigation showed 
advanced terminal ileitis with partial mechanical 
obstruction of long standing, which had given rise 
to the paralytic condition. 

The subjects had fasted for at least five hours 
before the investigation. They were given a barium 
meal, and after about % hour the jejunum or a 
proximal loop of the ileum were filled with the 
contrast medium. The peristaltic movements in this 
region were then studied by repeated brief fluoro- 
scopic observations and by cineradiographic record- 
ing. Physiologic saline solution was then given for 
20 minutes by intravenous infusion, followed by in- 
fusion for 20 minutes of substance P in a total 
amount of 600 to 1000 units. During the infusions 
the peristaltic movements were studied every five 
minutes by screening and filming. After complete 
infusion the motility was checked for a further 45 
minutes. 

For radiographic recording on cine film we used 
a cinecamera type Arriflex (35 mm film) connected 
to a Philip’s image intensifier. The image intensifier 
and its application in medical practice have earlier 
been discussed 1.a. by Janker (1956) and Penning 
(1956). The camera speed used was constantly 16 
frames per second. To obtain constant exposure of 
the film during the whole examinations, indepen- 
dently of the varying object thickness, amount of 
contrast media etc., a millivoltmeter was connected 
to the intensifier. By this device the amount of light 
emanating from the intensifier could be evaluated 
directly, and the X-ray intensity be adjusted ac- 
cordingly. The recordings were as a rule made in 
consecutive periods of 10 or 15 seconds. Screen- 
examinations were in the mean-time made in short 
periods at low X-ray intensity. The X-ray dose was 
reduced by using additional filters, for instance a 
thin layer of copper. 
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Unoperative recording of the blood pressure and 
the pulse rate was made continuously during the 
course of infusion. 


RESULTS 
Effect on isolated human intestine 


The effect of substance P was studied on 
isolated segments of human duodenum, jeju- 
num and ileum. Definite effects were obtained 
by very small amounts of substance P in all 
segments, jejunum and ileum, however, 
being much more sensitive than duodenum. 
In order to get the same degree of shortening 
about 4—5 times 


needed for the duodenal segments than for 


more substance P was 
the jejunum or ileum. In the ileum prepara- 
tions 0.3 units per ml bath fluid produced 
contractions of about twice the spontaneous 
amplitude. 

The action of substance P on the jejunum 
and ileum preparations consisted in an initial 
relaxation rapidly followed by a gradual in- 
crease in tone. The spontaneous pendulum 
movements increased in amplitude, remained 
unchanged, or even ceased entirely. Small 
concentrations of substance P usually pro- 
duced an increase in the spontaneous move- 
ments only, while larger amounts gave rise 
to an increased tone. The initial relaxation 
was not seen in the duodenal segments. The 
slow-reacting type of contraction, typical for 
substance P on all smooth muscle organs, 
is quite distinguishable from the rapid re- 
sponse, produced for instance by acetylcholine 
Chic eal }3 


Observations on human subjects 


Subcutaneous injection: For the purpose 
of testing the tolerance to the preparation 
some preliminary experiments were made, 


the isolated human ileum (A) and duodenum 


Bath 
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. Effect of substance P infusion on the blo 
pressure and pulse rate. 600 to 800 units were giy 


minutes infusion, the start and the end im 
by arrows. Full lines represent the me 


values for the whole group and vertical lines 


the individual scatter. 


ing initially subcutaneous injections 
to 300 units. Within % minute a 

sensation occurred at the site of in- 
which lasted for a few minutes and 
sappeared completely. Besides a slight 
| there was no local reaction. After 3 
nutes the sub jects experienced a feel- 
warmth in the face and there was a 
| flushing of the face and the ears. 
Ise-rate increased slightly, by a maxi- 
'f 10 beats per minute. No effect was 
on either the systolic or the diastolic 
pressure. After 10 minutes the pulse- 
ws the same as initially. Manifestations 
-ased intestinal motility appeared after 
[0 minutes, consisting of borborygmia 
lic. The symptoms were reproduced 


ther subcutaneous injection of sub- 
P after four days. The local reaction 
the same order of magnitude as that 
ye first injection. 
avenous infusion: In connection with 
ventgen-cimematographic studies sub- 
P was infused intravenously during 20 
s in an amount varying between 600 
JOO units. The infusion started with 
of about 10 units per minute. Approxi- 
1 minute after the beginning of in- 
marked flushing of the face and the 
vas seen. The subject experienced a 
of warmth in the face and marked 
ons at the temples. These symptoms 
only for a few minutes, even at an un- 
dd rate of infusion. The flushes also 
eared within a few minutes. The rate 
usion could thereafter be 
id without any further signs of flush 
jective symptoms. During the initial 
there was an average rise in the pulse- 
f 10 to 15 beats per minute, with a 


increased 
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maximum of 20 beats per minute (Fig. 2). 
The blood pressure was unchanged in all 
cases (Fig. 2). 

Within 5 minutes an increase in the intest- 
inal motility was observed in all cases. This 
change was demonstrable for both the seg- 
mental and the peristaltic movements. In the 
fluoroscopic picture local deep constrictions 
of the intestinal lumen predominated, which 
indicated powerful contractions of the circular 
muscles. These constrictions shifted continu- 
ously both in the oral and the anal direction. 
In some areas the intestinal lumen diminished 
markedly, which suggested a general rise in 
the tone of the intestinal wall. Now and: then 
powerful prolonged peristaltic waves were 
seen, which forced the content of the intestine 
in the direction of the colon (Fig. 3). Bowel 
sounds were heard at the same time, and in 
a few cases the subjects complained of attacks 
of colicky pain. The increased motility was 
fully observable during the whole period of 
infusion, and, on an average, for 10 to 20 
minutes after the end of the infusion. 

In the case of intestinal paralysis the gut 
was initially enormously distended and 
showed no types of movements during an 
observation time of one hour before and 
during saline infusion. The patient was there- 
after given 1000 units of substance P during 
20 minutes’ infusion. Three minutes after the 
start of infusion (7 units per minute) the 
patient got a slight bright red flush in the 
face, which, however, successively and spon- 
taneously ceased and completely disappeared 
during continuous infusion. The rate was 
then successively increased to a maximal 
speed of about 60 units per minute. No signs 
of motility could be registered until 8 minutes 
after the start of infusion, when a few seg- 
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A 
B 
Fig. 3 A and B. Case S. S. Loop of proximal part of ileum observed during infusion 
of saline (3 A) and 40 units of substance P per min. (3 B). All pictures in one series 
are taken within 5 seconds. Series 3 B shows the development of at least two 
peristaltic waves (indicated by arrows). Each series of pictures 
should be seen from left to right. 
mental contractions started, rapidly narrow- direction (Fig. 4). The motor activity, hot 


ing the shape of contrast and followed by ever, then became fainter even during c@ 
adequate peristaltic waves, extending over tinuous infusion and disappeared rapid 


about 10 to 20 cm of length in the aboral after the end of infusion. Ten minutes lat 
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Fig. 4 A and B. Case P. B. Intestinal paralysis. Loop of proximal part of ileum. 


No intestinal movements observed during saline infusion (4A). 4B shows a period 


of 5 seconds during infusion of 50 units of substance P per min. Note the contracted 


segment to the left showing passage 
tf again had the same shape as before 
usion of substance P. 

des the symptoms described above, 
‘e marked effects were observed. After 


of contrast in the aboral direction. 
completed infusion the subjects were free 
from symptoms and no late complications 


occurred in any of the cases. 
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Fig. 5 A and B. Case H. S. Proximal segments of the ileum observed during infusion 


of saline (5 A) and prostigmin (25 ug per min.) (5 B). Increased activity in the circular 
muscles are seen over the whole area, dividing the contrast into small portions. 


No typical peristaltic waves are observed. 


Prostigmin these experiments the procedure was tht 
Three of the subjects later received pro- same as that described for substance P. li 
stigmin by intravenous infusion, a total of all the cases a fully observable effect on tht 


0.5 mg administered during 20 minutes. In intestinal motility was also obtained wif 


oD 
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to 
ios) 


in. This effect, however, was not 
is about 10 to 15 minutes after the 
g of infusion and lasted for at least 
after completed infusion. A marked 
| in the segmental movements and a 
rone predominated the picture, while 
ct on the peristaltic activity seemed 
ess marked than that produced by 
re P (Fig. 5). The subjects fre- 
(experienced a severe griping pain in 
pmen. No other signs and symptoms 
served. The pulse rate and the blood 
e were practically unaffected. 
ive of prostigmin was also studied 
vatient with intestinal paralysis. The 
of 0.5 mg of prostigmin started 
ne hour after the end of the substance 
on. Segmental contractions could also 
eed with prostigmin. No typical peri- 
vovements were, however, observed. 
ivity rapidly disappeared after the 


the infusion. 


DISCUSSION 


use of the image intensifier makes it 
to follow the motility in an intestinal 
- several hours by repeated observa- 
rithout subjecting the person to any 
total X-ray intensity than that cor- 
ing to some routine roentgen exa- 
ns. Studies of dose conditions in 
n cinematography with image inten- 
ive shown that with intestinal studies 
ype mentioned here the skin dose per 
of cineradiographic exposure amounts 
s below 20 roentgen units (Larsson 
fsson). As a comparison it may be 
ved that at an ordinary radiographic 
ution of the spine, a lateral view of 
bo-sacral region, will give the patient 


a skin dose of about 25 roentgen units ac- 
cording to measurements by Larsson (1956). 
Through the monocular finder on the 
camera the appearance of the recorded image 
could be visually controlled during the entire 
filming. By this control together with the 
frequent screen examinations it was possible 
to ensure that the film most representatively 
recorded the current motility. The method 
also allows very close study of the different 
components of motility, by which the con- 
traction of the segmental muscles can be 
distinguished from that of the longitudinal 
ones. The frequency, speed and extension of 
the peristaltic waves can also be studied. 

The preparation of substance P used) had 
such a degree of purity that it was well tole- 
rated by the subjects. It is not chemically 
pure but contains in all probability bio- 
logically inactive polypeptides of low mole- 
cular weight. It is, however, biologically 
homogenous, and the presence of histamine, 
acetylcholine and 5-hydroxytryptamine could 
be ruled out by preliminary biological studies. 
Besides the increase in intestinal motility, the 
only observable effect was a rapidly transient 
peripheral vasodilatation with moderately in- 
creased pulse rate. Repeated subcutaneous 
injections didi not produce any symptoms of 
anaphylactic shock. The prolonged intra- 
venous infusion, however, was performed 
once only in each subject. 

The substance was administered by the 
parenteral route since, owing to its chemical 
structure, it is quickly broken down by tryp- 
sin and chymotrypsin (Euler, 1936; Pernow, 
1955). The effect on the intestinal motility 
was clearly observable after only a minute 
or two and remained unchanged during the 
whole period of infusion. After completed 
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administration the intestine fairly quickly 
resumed its ordinary activity. This is prob- 
ably explained by the fact that substance P 
is rapidly inactivated by a polypeptidase pre- 
sent in the intestinal walls (Pernow, 1955; 
Eber & Lembeck, 1956). All types of intes- 
tinal movements seem to be activated by sub- 
stance P. Segmental deep constrictions which 
incessantly changed place suggested a mar- 
ked increase in the activity of the circular 
muscles, while the peristaltic waves, which 
travelled over several decimeters of intestine 
apparently carried the contrast medium in 
the direction of the colon. 

A clear difference could be made out with 
respect to the effect of substance P and pro- 
stigmin on the intestinal muscles. Prostigmin 
influenced mostly the local segmental con- 
strictions with the result that the contrast 
medium was divided into small balls sepa- 
rated from one another. The peristaltic acti- 
vity observed after administration. of prostig- 
min was notably less powerful than that after 
substance P. 

Quite a distinct effect was obtained in the 
patient with paralytic ileus. The effect was 
only temporary, however, and after comple- 
ted infusion of substance P the intestine re- 
sumed its initial atonic appearance. In this 
case the interpretation was rendered difficult 
by the fact that the patient also had a termi- 
nal ileitis which constituted a mechanical ob- 
struction in the small bowel. Although this 
case does not permit any definite conclusions 
about the effect of substance P on cases with 
paralytic ileus, the results justify a trial of 
the substance in such cases where the current 
methods of treatment have failed to produce 
the desired result. 


SUMMARY 


The effect of substance P on intestt 
motility was studied in man. The substanq 
was administered subcutaneously and b 


ally by means of an image intensifier ¢ 
nected to the cinecamera. 
After intravenous infusion of 600—10fl 


in the pulse rate, a decrease in the syste 


blood pressure and a bright red flush int 
head immediately after the start of the mi 
fusion, no side-effects could be observed 

In one case of intestinal paralysis a trai 
sient motility, comprising both segmental af 
peristaltic contraction, was initiated by inte 
sion of substance P. 

A stimulating effect of substance P 
also observed in isolated segments of hum 
duodenum and ileum. 

The effect of substance P was ini th 
cases compared with that of prostigmin. 4 
stimulating effect of prostigmin after int 
venous infusion was established 10 to 
minutes after the infusion had started 
lasted about one hour after the end of f 
infusion. The effect was most pronounced! 
the segmental movements of the small 
testine. 
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At the beginning of this century it was 
believed that low blood catalase values, refer- 
red to unit volume of blood, were of diag- 
nostic importance in certain diseases, but no 
attention had then been given to a simultane- 
ous anemia. van Thienen (1920) pointed out 
that the catalase activity in blood should be 
related to the number of erythrocytes and 
suggested the use of a “Katalaseindex’’. For 
thirthy healthy subjects he found the index 
to be independent of sex and age. Normal 
index values were obtained for patients suf- 
fering from cancer, tuberculosis, acute loss 
of blood, severe anemia of different etiologies, 
and leukaemia, whereas significantly elevated 
values were found in pernicious anemia. A 
recalculation of van Thienen’s figures reveals 
that the blood catalase activity was as an 
average 34 per cent higher in pernicious ane- 
mia than in normals even if hemoglobin con- 
tent instead of erythrocyte number is made 
the basis for comparison. Dianzani (1948) 
reported that venesection rapidly raised the 
blood catalase level in guinea pigs. He used 
a manometric method for the assay. Richard- 
son, Huddleson, Trustdorf & Bothea (1953) 
confirmed the elevated activity in pernicious 


! A preliminary report of this investigation was 
given at the Third International Congress of Bio- 
chemistry, 1955. 


anemia. Among 152 patients with varioi 
diseases only one, with the preliminary dig 
nosis of “acute abdomen”, had a significant 
lowered blood catalase activity. Yamagat 
Seino (1953) reported for a number of eo 
mon diseases variations in the blood catak 
index and attributed diagnostic importai 
to them. Their results have so far not be 
confirmed, and some criticism can be 
against their technique. Allison & Bi 
(1955) found the reticulocytes in the pa 
pheral blood to posses a higher catalase’ 
vity than the mature erythrocytes, a conti 
ous fall occurring during the ageing of| 
cell. Allison (1957) recently observed a chi 
with an atypical hemolytic anemia wit 
reduction in the blood catalase activity 
one third of the normal. Takahara (i 
discovered in a Japanese family a new! 
of constitutional abnormality, “acatalasen 
in which the blood was completely devoid 
catalase activity. Nakamura, Yoshiya, 
& Kikuchi (1952) found that these pati 
lacked catalase in other tissues as well 
suggested the term “anenzymia catalas 

Whereas a decrease in liver catalase ¢ 
vity has been observed in man and in ant 
in some diseases as well as after the ad 
nistration of certain drugs it is thus 
rarely that abnormal blood catalase 


} 
| 
| 
| 


id. The difference can be seen as a 
ence of the dissimilarity in activities 


the highly specialized bone marrow 
| more versatile liver; in the latter 
»tabolite might influence the forma- 
‘unction of catalase. From this inter- 
1 one might postulate that there 
‘e conditions in which the blood cata- 
vity as well is reduced. 


METHODS 


le assay of catalase, aliquots of 0.2 ml of 
re withdrawn from the patient’s finger tip 
| of a blood sugar pipette and diluted with 
‘an aqueous 0.04 per cent heparin solution. 
»od from leukaemia patients a mucous 
® regularly appeared. This was avoided 
ogical saline was used instead of water 
arin solution, a few seconds extra allowed 
smolysis in the buffered peroxide solution. 
se was determined according to the method 
hsen, Chance, & Theorell (1947) in which 
ty is expressed as the velocity constant 
7.) im 
k= —In®; (1) 
: Set 
ount of peroxide at time 0, x, aiter t 
A known volume of hemolysate is added 
emperature to a large volume of buffered 
05 M hydrogen peroxide solution. Within 
four aliquots are transferred to flasks 
-e sulphuric acid, and the remaining per- 
sequently titrated with permanganate. The 
e is taken as x,. In the present work k 
Ided volume of hemolysate has been taken 
erage of the three figures. The velocity 
was found to be linearily proportional to 
| volume of hemolysate within the range 
0 ml of hemolysate. Convenient reaction 
e obtained with 0.05 and 0.10 ml. 


following abbreviations have been used: 
femoglobin in grams per 100 ml of blood. 
Erythrocytes in millions per mm}. 

teticulocytes in per cent of total number 


~ 
* 
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The standard deviations in a single determina- 
tion in kg.95 and in kg.49 were determined on the 
basis of 21 duplicate titrations with 0.05 and 21 
with 0.10 ml of hemolysate and found to be 9.0 
per cent for the first and 4.4 per cent for the 
second volume. Since the absolute errors in kg.o95 
and kg.49q are thus nearly the same kg.49 should 
contribute to k, with twice the weight of kp.95. 


4 
ee ae ge Fae al ae 2 
B= O45 (ko.95 + ko.10) (2) 


In five determinations on a normal man, performed 
within a few hours and including different finger 
punctures, pipettes, etc., the standard deviation in 
kp Wass == pemicents 

For the comparison of different blood samples 
the catalase activity can be referred to the hemo- 
globin concentration as well as to the erythrocyte 
number. Allison & Burn preferred hemoglobin con- 
centration because of the larger random error in 
the cell counting. Our results support their choice 
since the standard deviation in Table I is some- 
what smaller with hemoglobin content than with 
erythrocyte number as the basis. 
erythrocytes, white blood cells, 
reticulocytes, and serum iron were determined by 
the laboratory staff according to standard proce- 
dures. Hemoglobin was measured colorimetrically 
as HbOz. The standard deviation between duplicate 
determinations of hemoglobin, 
punctures, dilutions efc., had been determined by 
the laboratory as + 5 per cent. 


Hemoglobin, 


including finger 


CLASSIFICATION OF MATERIAL 
AN DE RESULTS 
Healthy adults (Tables Ia and Ib) were 
randomly collected among volunteers from 
the staff and the students at the hospital. 


Fe: Serum iron in ug per 100 ml of serum. 

ky.o5 : Experimentally determined rate constant in 
sec—! per 0.05 ml of hemolysate. 

ko.19: Same for 0.10 ml of hemolysate. 

ky: Calculated constant in sec~! per ml of un- 
diluted blood. 

k,,/hb : kp, per gram of hemoglobin. 

k,/rbe: kp per million of erythrocytes. 
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ko.05 
x 10! 


Hb KG 


21 14.8 4.9 137 276 OS 2.2 
22 14.1 4.6 121 195 6.0 1.8 
22, 14.2 4.7 130 233 6.8 Zak 
23 14.4 5.0 119 230 6.5 1.9 
23 aye 4.9 110 226 5.8 1.8 
24 14.4 4.9 132 265 7.4 Zee, 
24 14.1 4.9 101 230 6.3 1.8 
25 14.5 49 134 272 a5 ne 
30 17.6 5.6 141 245 5.9 1.8 
ove 14.0 4.7 117 237 6.7 2.0 
4] 14.2 4.4 127 281 Ill SS 
43 14.5 4.6 104 222 6.0 1.9 
56 14.1 5.4 122 226 6.6 1.7 
56 14.7 4.8 124 270 7 af 
58 15.1 4.8 101 214 5.6 1.8 
6.6 2.0 
f= as (IK) 22023 
Table Ib. Healthy women. 
> ko.os | ko.10 | J,/hb} Kp/rbe 
Age | Hb | RBC) 00 | oe, p/hb ie, 
WZ 12.7 4.6 122 213 7.0 9 
21 12.4 4.3 93 212 6.6 1.9 
23 13.8 5.0 95 166 5.0 1.4 
24 V2) 4.5 125 239 7.8 2.2 
29 225) 4.0 98 199 6.3 20 
32 12.4 4.2 98 203 6.5 HES 
33 12.9 4.3 113 225 7.0, fap 
36 13:9 4.6 148 233 1 Dae, 
40 375 4.8 92 180 5.4 ES 
46 13.6 49 108 205 6.1 1.7 
49 14.1 4.7 99 190 SE) 1.6 
OZ 13.2 4.6 127 241 7.4 Zell 
56 ESET 4.2 104 193 6.0 1.9 
60 14.1 5.0 129 224 6.7 1.9 
65 13.8 4.7 103 201 5.9 Wi 
6.4 1.9 
fe==all5 ==) S0R-= 0125 


The qualifications for acceptability as normal 
were a) Hb > 14.0 for men and 12.6 for 
women, and b) no recent history of acute 
disease and no chronic disease or feeling of 
tiredness or sickness. It may be mentioned 
that about one-third of all female volunteers 
aged 18—30 years had less than the above 
hemoglobin content. No influence of age upon 


kp/hb or kp/rbe is seen. 


Normal catalase value in the sequel n 
kp/hb-values within the range arithn 
mean + 3 S. D. for healthy subjects of} 
same sex. It is 4.5—8.7 for men and 4.04 
for women. The difference is not signifiey 

All patients but two (acute porphyrias 
a woman with pernicious anemia) were @ 
mined at Karolinska Sjukhuset. Unless oth 
wise mentioned such cases were avoided! 
which the characteristics of the disease co 
possibly have been masked by therapy, 
cluding blood transfusions, or by complit 
tions. With the exception of three cas 
leukosis and one with malignant eryt 
blastosis no patients with malignant tum 
are included. 

The patients have been divided inte 
following groups: 


1. Cardiovascular diseases (Table 
moderate severity such as slight hypertent 
milld arteriosclerosis or compensated vill 


hospitalization in itself caused no abno 
kp/hb-value. 


Table Il. Cardiovascular diseas 


Q: 
C. 
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ble III. Rheumatoid arthritis. Table Va. Sideropenic anemia. 


Sex | Hb | k,/hb 
| 
| M 13.6 5.4 
M 14.5 6.0 
M 14.8 6.8 
F 12.9 4.9 
EF 11.0 Bil 
F sal} 6.4 
F 127. 5.2 
F 122 6.8 
5.8 
n= 8 = (0.78 


| 


rheumatoid arthritis (Table III) 
at low although not significantly re- 
alues were found. Cases with advan- 
mia were avoided for reasons given 
was recently reported by Alexander, 
ad, Royh & Duthie (1956) that the 
. of the erythrocytes is shortened in 
This 
ance ought to elevate the catalase 
(Allison & Burn, 1955). 


ises of rheumatoid arthritis. 


yen patients with liver cirrhosis 
rent types showed normal values 
w\). 


nuine, untreated and uncomplicated 
nic anemia (Table Va) was found 
three women. Numerous other pa- 


TablelvV. Liver cirrhosis. 


| Sex | Hb | k,,/hb 
F 11.6 6.1 
F 10.3 BED 
F 12.4 7.0 
M Bul 8.0 
M IS) 6.6 
M 127, 6.) 
M WBZ, 6.7 
6.6 
a =a + 0.80 


Z 
x 
= 
4 
ay) 

26 F 10.1 Bis) 10 18 47 13 

43 F 6.2 Ze 26 18 6.0 iby, 

“ap F 9.7 3.5 10 18 6.4 1.8 


tiens with anemia and low serum iron values 
were considered but for all of them either 
some disease causing the anemia or some 
kind of iron therapy prevented inclusion in 
this group. The three showed normal catalase 
values. For the sake of comparison values 
are also given (Table V b) for eight persons 
who appeared and felt quite healthy and 
volunteered as normals but showed too low 
hemoglobin values. Also in this group normal 
catalase activity was found. 

5. Five patients with hemolytic anemia 
gave normal values. (Table VI). 

6. Four patients with pernicious anemia 
were studied before, during, and after treat- 
ment with vitamin Bie. Three of them were 


Table Vb. Apparently healthy adults with 
low hemoglobin values. 


S 

x 

a S 

: y 2 2 = = 
< Y) Hae jaa ay nies 
a F 13 4.0 8.2 2.3 
22 F eZ 3.9 8.0 2.5 
24 F 10.7 3.9 8.9 2.4 
27 F 7 4.2 ihe 21 
28 F 11.5 3.8 6.3 1.9 
31 F 10.8 3.8 5.4 1.5 
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Table VI. Hemolytic anemia. 
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1 Acquired hemolytic anemia, causa ignota. 

2 Atypical congenital hemolytic anemia. 

3 Three months after first determination. 
typical cases of addisonian pernicious anemia, 
the fourth (T.C.) had a megaloblastic ane- 
mia after resection of the stomach. The re- 
sults are collected in Fig. 1. Although there 
are considerable fluctuations in the values, 
the general tendency is obvious. S. B. was 
given antibiotics prior to vitamin Bis, and 
the resulting slight response in her reticulo- 
cyte count may have influenced the catalase 
values. It can be seen, particularly in A. W. 
and T. C., that the change from megaloblastic 
to normoblastic hematopoiesis reduces the 
kp/hb-ratio to the normal level. 

No increase in the catalase activity could 
be detected at the time of maximal reticulo- 
cyte count. In consideration of the total 
number of determinations that were made on 
reticulocyte-rich blood specimens it seems 
unlikely that a peak or even shoulder in the 
catalase values could have been masked by 
the random error in the method, at least if 
the reticulocytes contain three times more 
catalase than the mature cells. Our result on 
this point is at variance with the conclusions 
drawn by Allison & Burn (1955) from their 
case of pernicious anemia. In rabbits, made 
anemic by means of acetylphenylhydrazine, 


10 DAYS 


Fig. 1. The catalase-hemoglobin ratio in blo 

four patients with pernicious anemia before, 
and after the reticulocyte peak. 

® S.B. woman, age 80. ¢ T.C. man, age! 

+ E.B. woman, age 74. 4 A. W. man, age 


we found the reticulocyte to posses 
times the catalase activity of the 
erythrocyte. There may be a difference 
tween the reticulocytes in the two hef 
poietic courses. .It should be pointed out 
that the present investigation has dealt: 
the apparent catalase activity in laked ¥ 
blood rather than the content of catalas 
the cells. 

7. The remaining patients formed a he 
genous group, consisting of 24 men ami 
women, aged 26—74 years and suffe 
from some dieseases seen in a medical ¢ 
(diabetes, nephrosis, postinfectious ane 
lupus erythematosus, polycythemia, 
porphyria, hypothyreosis, acute pancreal 
reticulosis, dysfunction of the bile ducts, a 
pericarditis, exophthalmus, duodenal 
coronary thrombosis, ulcerative colitis, 
nant erythroblastosis, malignant lymphe 
nulomatosis, and leukemia). No more 
three patients with the same diagnosis | 
studied, and it will suffice to mention 1 


VII. Distribution of kp/hb-values 
|/ (see text). The four cases of 
icious anemia are not included 

im this table. 
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alues were found in all cases with 
tions commented below. The distri- 
_all values in group 7 is given in 
LI. 
mien with polycythemia vera were 
ne had received no treatment dur- 
receding six months, and his general 


, blood composition, and catalase 
yere normal. The other one had been 
aC of P3? six weeks before the cata- 
rmination, and had responed with a 
ib from 18.4 to 15.8. kp/hb was 8.8. 
oteworthly that a man with malig- 
hroblastosis gave the normal ratios 
.5 in six determinations during four 


lowing patients gave values outside 
> for normals. 

G. 320103. Woman, age 24, com- 
mitral stenosis.— 8.9 (cf. Table IT). 
. P. 350226. Male outpatient, 21 
th a preliminary diagnosis of peri- 
kp/hb = 8.9. 

A.R.A. 940908. Man, 62 years. 
emia, kp/hb = 8.8 (cf. above). 

. F. 09. Man, 47 years. Rheumatoid 
+ bronchopneumonia + anemia, se- 
622 ug. kp/hb = 4.4. 

four values are just outside the 
ange, and no further investigations 
ar been made on the patients. 


BLOOD CATALASE ACTIVITY IN ADULTS Si 


GV RAS Geils 406/1955;, (A: (305 year void 
woman was admitted to the hospital in 
August 1955 because of intermittent and 
tather severe pain of spastic type in the right 
hypochondrium. Spasmolytics gave some 
relief. Gall bladder disease was suspected but 
cholecystography was normal. The patho- 
logical findings were a consistent thrombo- 


(900 000—1 200 000 per 


blood), some increase in number and size of 


cythemia mm? 
megacaryocytes in sternal and iliac marrow, 
slight enlargement of liver and spleen, and 
occasionally subfebrility and moderate leuko- 
cytosis (15000 per mm?). Biopsies. of liver 
and spleen revealed normal histology, and 
radiographs of stomach, duodenum, small 
intestine, colon and kidneys were likewise 
normal. Percutaneous splenoportography, 
liver function tests, blood volume and total 
hemoglobin determinations also failed to show 
anything abnormal. The porphobilinogen and 
porphyrin tests in the urine were consistently 
negative. No conclusive support for a diag- 
nosis of incipient polycythemia or chronic 
granulocytic leukemia was obtained. Her 
pains were tentatively attributed to a biliary 
colic, possibly in connection with a slight in- 
fection in the biliary ducts and gall bladder. 
The abdominal symptoms have gradually 
vanished, and she felt quite well in August 
1957. 

Repeated determinations on her blood 
during two years have consistently shown 
low ratios, kp/hb = 2.73.2. Separate de- 
terminations were made (August 1957) on 
plasma and erythrocytes from heparinized 
blood. Whole blood gave kp = 0.33 but a 
hemolysate of saline-washed erythrocytes 
0.45 when referred to the same hemin con- 
centration. An aliquot of a 1 : 100 dilution 
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with phosphate buffer pH 7 of a solution of 
crystallized horse liver catalase gave k= 
0.0177 sec~1, whereas after dilution with 
plasma in the same proportion k = 0.0122 
sec-! was obtained. Since this difference is 
about the same as the one found between 
erythrocytes and whole blood it is possible 
that the patient’s plasma contains some sub- 
stance which can inhibit catalase. Blood speci- 
mens from three normal men were examined 
in the same way but their plasma did not 
inhibit catalase, nor was there any difference 
in catalase activity, expressed as kp/hb, be- 
tween laked erythrocytes and whole blood 
hemolysate. 

(yi) FS 0211 29 MP 1955. vA S53 year 
old man appeared at the outpatient depart- 
ment (Dec. 1955) and complained about 
lumbar pain of apparently moderate intensity 
and some oppression in the epigastric region 
and left hypochondrium. No pathological 
laboratory data were obtained in the routine 
examination. X-ray examination disclosed a 
disc degeneration in the lumbar region and 
a calculus in the right ureter. Kidneys and 
spleen were of normal size and location. 
There was no sign of impaired’ renal function. 
On this occassion he had Hb = 12.8 and 
k,/hb = 2.5. In February 1957 he sponta- 
neously appeared at the outpatient depart- 
ment complaining of tiredness and spells of 
diarrhea. X-ray of the colon, fecal examina- 
tion, proctoscopy, and liver function tests 
revealed nothing abnormal. kp/hb was 2.7. 
At the end of March the quotient was un- 
changed, 2.8. An irritable colon was likely 
to be the cause of his complaints. In August 
1957 he was again seen at the outpatient 
department. He felt fairly well, and only 
routine determinations on his blood were 


made. Hb = 12.3 and kp/hb = 2.8. Noy 
lase inhibition by his own plasma could 
demonstrated. 
COMMENTS 

The aim of the present investigatio: 
initially to find out a) how frequently 
normal blood catalase values occur in a 
domly chosen hospital .material, am 
whether any irregularities found can bh 
ferred to a certain disease or fami 


diseases. 

The answer to the first question mus 
given with reservation for the fact thats 
selection of the material was made tow 
the end of the study, when some rare 
eases or statistically “needed” cases were 


ferred to trivial ones. It seems to be mete 
sary to follow the patients V. G., O11 
A. R. A., and B. F. for some time Beg 
an answer 1s given. 
As regards the second question the inveé 
gation has to some extent confirmed 
Thienen’s observation that pernicious ane 
is characterized by a high catalase-he 
bin ratio. The decrease in connection witl 
reticulocyte peak in patients T. C. and A 
was remarkably fast. 
H. S. has clinically, without any do 
been considered as an uncomplicated cas 
an irritable colon. Because of the rand 
discovered low catalase activity a quef] 
provisionally put after the diagnosis. A. G 
is by no means a clear case from a clif 
point of view, and the diagnosis of throm 
cytemia + abdominal pains of unknown 
gin will obviously permit several etiolog 
There is no support in the histories of B 
and A. G. T. or in the laboratory find 
for an assumption that they represent 
ferent stages in the same disease. 


BLOOD CATALASE ACTIVITY IN ADULTS 


| SUMMARY 
blood catalase activity has been 
as the rate constant in sec”! per 
Ihemoglobin (kp/hb) for the cata- 
omposition of hydrogen peroxide, 
under standardized conditions. 
ib has been determined for fifteen 
seach sex and found to be 6.6 + 0.69 
‘or men and 6.4 + 0.80 for women. 
thin the range (average + 3 S. D.) 


n considered normal. 


erminations were made on eighty- 
ents in a hospital department for in- 
edicine. Normal values were found 
ty-four of them, representing a num- 
sted diseases. 

'r patients gave values just outside 
al range (8.9, 8.9, 8.8, 4.4). They 
yeat been further investigated. 


nificantly reduced values were found 
n (2.5—2.8) and one woman (2.7—- 
cir values have remained almost 
during a period of nearly two years. 
ian’s blood plasma seemed to contain 
-that inhibited catalase. The two 
probably represent different nosolo- 
ities. 

ir patients with pernicious anemia 
owed during the course of the treat- 
h vitamin Bie. Two of them showed 
high kp/hb-values, which were re- 
. normal level within one or two 
he most rapid decrease occurred at 
for reticulocyte maximum or 1—3 
ier. In the other two cases of per- 
nemia the initial catalase level was 
y normal, and no pronounced 
occurred during the treatment. No 
mcreased catalase-hemoglobin ratio 


ios) 
Ww 


appeared simultaneously with the reticulo- 
cyte maximum. 
7. The investigations are being continued. 
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There are only a few publications concern- 
ing protein electrophoresis on ascitic fluid, 
but none of diagnostic significance (Luet- 
scher, 1941; Macheboeuf, Reyberotte & 
Brunerie, 1951; Wunderly & Wuhrmann, 
1953; De Wael, 1956; Combrisson, Debray 
& Housset, 1957). An investigation of the 
mucoproteins in ascites was reported recently 
(Taipale & Hokkanen, 1956). 

The aim of this report is to give some pre- 
liminary data on quantitative and qualitative 
differences between ascitic fluids in various 
The 
hitherto, seem to indicate that protein ana- 


clinical conditions. results obtained 


lysis of ascitic fluid is of diagnostic value. 


MATERIAL AND METHODS 


The material comprises 82 cases, in which the 
diagnosis appeared to be well established. As a 
result of the clinical and the pathological findings 
the material could be classified as follows: Cancer 
(43 cases), portal cirrhosis (18), congestive heart 
tailure (7), tuberculosis (3), a mixed group with 
sarcoma, leukemia and Hodgkin’s disease (6), 
pseudomucinous cystadenoma (3), and nephrotic 
syndrome (2). 

In most cases the paracenthesis was a primary 
one. The following determinations were performed 
in duplicate on the centrifugate, as well as on a 
serum sample collected simultaneously. Total pro- 
tem was determined with the biuret method, muco- 
protein according to Winzler, Devor, Mehl & 


2 


7 


1957) 


Smyth (1948). For the filter paper electrophores 
of the proteins the apparatus and technique g 
in Goa’s modification (1955) was used. The ¢ 
(Alb./Glob.) was calculate 
from the paper strips, classifying the a1- and 
fractions to the globulins. At a low protein lev 
the ascitic fluid was concentrated by means 1 
dialysis against a dextran, Macrodex ® (Schneite 
& Wallenius, 1951), by ultradialysis under hig 
pressure (Esser & Heinzler, 1952) or by lyophi 
lization. In lactescent ascitic fluid most of the lipi 
were removed by centrifugation at 15000 r. pi 
(approximately 25000 g). 


min/globulin ratio 


RESULTS 


The results are listed in Figs. 1—4. Ev 
dot represents the value for a single ase 
fluid. The mean value of the dots in a gro 
is marked by a line. In Figs. 2—4 also’ 
corresponding means for serum are record 
(— —- — —). The two cases of nephr 
syndrome are not included in the figut 
because of the specific composition of th 
ascites. They are reported separately. 

Total proteim (Fig. 1). The amount 
total protein in ascites ranged from 0.44 
g per 100 ml. It was significantly higher 
the cancer group than in the congestive he 
failure group (P < 0.001). The latter gro 
had a significantly higher amount of prot 
than the portal cirrhosis group (P < 0.00 
The cases of tuberculosis had values near 
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ig. 1. Total protein in Ascites. 


the mean of the cancer group, the 
zroup was found in the same range 
ases of congestive heart failure. One 
pseudomucinous cystadenoma had a 
xh amount of total protein (8.5 g per 


). Concerning the amount of total 
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Fig. 3. Alb./Glob. ratio in Ascites. 
For explanation see text. 


Mean | 1.0 ae 1.1 eas | 1.0 | 1.8 | 


protein in serum, there were no remarkable 
differences between the groups, nor was there 
any correlation between the amount of total 
protein in serum and in ascites in the mate- 
rial as a whole. 

(a1 + a2)-globulin (Fig. 2). With the 
electrophoretic method used, the a1-globulin 
was well separated from the albumin fraction. 
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Fig. 4. Mucoprotein in Ascites. 


For explanation see text. 
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The variations of the usually small a1-fraction 
almost followed those of the ag-globulin. 
These two fractions were therefore conside- 
red as a whole-(a1 + a2)-globulin. The abso- 
lute concentration in the cancer group was 
significantly higher than in the heart failure 
group (P < 0.001); this latter group in its 
turn had a significantly higher amount of 
(a1 + a2)-globulin than the portal cirrhosrs 
group (P < 0.001). The mean value for the 
three cases of tuberculosis was higher than 
in the cancer group. The absolute as well as 
the relative amount of (a1 + a2)-globulin in 
ascites was in all cases lower than in serum. 

Albumin, B- and y-globulin. The portal 
cirrhosis group had a high content of B- and 
y-globulin. The other groups did not show 
any systematic differences, hence they are not 
recorded here. 

Alb./Glob. ratio (Fig. 3). The three cases 
of cystadenoma had a high ratio. The ratios 
in the other groups were lower. The portal 
cirrhosis group had the lowest mean value 
with a significant difference from the cancer 
group (P < 0.001). In all cases the ratio was 
lower an serum than in ascitic fluid. 

Mucoprotein (Fig. 4). All eight cases of 
portal cirrhosis tested had a very low content 
of mucoprotein, lower than any other case. 
The difference from the cancer group was 
statistically significant (P<0.001). The 
three cases of tuberculosis had the highest 
mean amount. The values for the serum 
mucoproteins were in nearly all cases slightly 
higher than for ascites. 

Nephrotic syndrome ascites. The amount 
of total protein was extremely low, 0.10 and 
0.20 g per 100 ml, respectively. After con- 
centration of the ascites the electrophoretic 
pattern had quite a typical appearance, with 
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great az- and £-globulin fractions, resembl 
those in serum. The amount of mucoprot 
was fairly high in the one case determime 
(113 mg per 100 ml ascites, and 2261 
per 100 ml serum, respectively). 


DISCUSSION 
As pointed out in the introduction, the ail 
of this investigation was to evaluate the fp 
tein analysis of ascitic fluid as a clinical te 
Hence the results are only discussed fro 
point of view of differential diagnosis. 
results are summarized in Fig. 5. 
Some of the groups are too small to pert 
any conclusions. Still, they need attents 
when classifying ascites from cases of qu 
tionable diagnosis by protem analysis. 1 
larger groups, cancer, portal cirrhosis, 2 
congestive heart failure show characteris 
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pes in some respects. However, the 
deviation of each component deter- 
usually great. Consideration must 
taken to the inflwenice the duration of 
may have on the protein composition. 
ihe results of this preliminary in- 
ion must be judged very carefully. 
eboeuf, Reyberotte &  Brunerie 
_after analysing only a few cases, 
ed that the electrophoretic pattern 
| same in ascites as in serum. The 
investigation, on the contrary, shows 
relative amount of albumin in prac- 
every case is higher in the ascitic 
‘hich is reflected in its higher Alb./ 
utio. This finding, however, is of no 
ric value. 
ker, the simultaneous determinations 
‘ims in serum and ascites show that 
the differences between: the compo- 
etenmined in the various groups, are 


cant in) serum and pronounced in 
‘Kay (1954) analyzed only serum 
tients with ascites. The results now 
L contradict the value of analysing 
mm as a routine procedure in most 
ith ascites; in fact, the advantage of 
nalysis seems to be so apparent that 
im determinations can be omitted. 

rding the different tests on ascites, 
rmination of total protein is a simple 
re, giving a quick and good orienta- 
ut the nature of the disease. On the 
1 high content indicates a malignant 
or possibly inflammatory. A low con- 
‘aks in favour of portal cirrhosis or 
iflammatory disease. The author can- 
ee with the opinion, expressed by 
son, Debray & Housset (1957), who 
* small material failed to find any 


systematic difference between ascitic fluids of 
cancerous and cirnhotic origin. The differen- 
tiation of the cases is further underlined by 
the determination of (a1 +-a2)-globulin. In 
addition, the absolute amount of (a1 + a2)- 
globulin seems to be rather unaffected during 
the course of the disease, when the other 
protein components usually decrease. This 
has been observed on repeated paracenthesis 
in cases of cancer. The other groups are 
under study. 

The value of the Alb./Glob. ratio must be 
judged carefully. The different ratios found 
may be interpreted as characteristic of the 
various diseases, but they might also be an 
effect of a more prolonged course of the 
diseases, leading to disturbed proteim meta- 
bolism. Only the portal cirrhosis group had 
a pronounced low ratio, depending on the 
great B- and y-globulin fractions. 

The variation of the amount of mucopro- 
tein approximately followed that of the 
(a1 + a2)-globulin, but the number of obser- 
vations is few. Thus far, nothing can be said 
about the value of this part of the investiga- 
tion. The differences observed, however, 
agree with the findings of Taipale & Hok- 
kanen (1956). 

De Wael (1956) mentioned the usefulness 
of paper electrophoresis in cases of ascites. 
He emphasized, without giving any figures, 
that cases of cirrhosis of the liver readily can 
be distinguished from those of poor condition 
of the heart, abdominal tumors efc., through 
their large and characteristic B- and y-globu- 
lin fraction. Most of our cirrhotic cases 
showed, as mentioned above, thle same ap- 
pearance, but the minimal (a1 + a2)-globulin 
fraction was still more characteristic. The 
combination with a very low amount of both 
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total protein and mucoproteins confirms the 
diagnosis. From Fig. 5 it is further seen that 
if the level of the total protein content is 
g per 100 ml, the (a1 + a2)-glo- 
bulin more sth 0.7 g per 100 ml, and the 
content of ACen nE above 170 mg per 
100 ml, this speaks strongly in favour of a 


above 4.2 ¢ 


peritoneal carcinosis (the figures represent 
the mean values found). Congestive heart 
failure causes ascites with protein values be- 
With a 
certain accuracy there are, however, chances 


tween the two mentioned groups. 


of excluding the other two main groups in 
the differential diagnosis. 

The results now obtained from protein 
analysis of ascitic fluid agree with Luetscher’s 
findings with the Tiselius apparatus (1941). 
However, he reported only 8 cases of cancer, 
congestive heart failure or portal cirrhosis. 
In the differential diagnosis it may, as seen 
from the figures for our smaller groups, even 
be necessary to consider other diseases for 
each level of the proteins determined. No 
definite guidance can be given. It is necessary 
to observe more cases. 


SUMMARY 


82 cases of ascitic fluid of different origins 
have been examined on the content of total 
protein and mucoprotein. Paper electropho- 
resis was carried out and special considera- 
tion was taken to the amount of the (a1 + 
a2)-globulin fraction. Simultaneous deter- 
mination of the corresponding serum compo- 
nents showed these to be of less importance 
clinically. The differences between portal 
cirrhosis, congestive heart failure and cancer 
are emphasized for ascites. The results show 
that protein analysis according to the methods 
used is of value when establishing the clinical 
differential diagnosis. 


The investigation is proceeding and furth 
details will be published elsewhere. 
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ne past few years a series of new 


5 for the separation of porphyrins has 
troduced. Accordingly new knowledge 
e porphyrins from different biological 
has arisen, showing that a series of 
ins different from protoporphyrin, 
srphyrin and uroporphyrin in the 
of acidic groups is formed and ex- 


ander normal and pathological con- 


amounts of these porphyrins as com- 
with the main porphyrins, proto-, 
and uroporphyrin, are very small, 
r, and therefore the only method for 
ction and identification of these por- 
has been the paper chromatographic 
; of Nicholas & Rimington (1949, 
rt Eriksen (1953). 

» methods are said to separate the 
ins according to the number of acidic 
However, it is quite obvious that the 
are incapable of separating porphy- 
h a certain number of acidic groups 
‘phyrins with the same chromato- 
behavior due to other properties of 
cules. 

it would be of great importance to 
r micro methods for the identification 
vumber of acidic groups in a given 
in, and it seemed likely that zone 
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electrophoresis should be convenient for such 
a separation. A couple of years ago we there- 
fore tried to separate porphyrins from dif- 
ferent sources by paper electrophoresis, try- 
ing a series of different types of filter paper, 
but we soon found that paper electrophoresis 
could not be used as the adsorbtion of the 
porphyrins, especially those with a number 
of acidic groups of four or less, was so high 
that no separation of these porphyrins was 
achieved. 

The adsorbtion to the paper decreased with 
increasing number of acidic groups, but even 
in the case of uroporphyrin the adsorbtion 
was so marked that the moving spot took 
the form of a comet becoming more and 
more elongated as the spot travelled along 
the paper during the electrophoresis. 

These observations are in accordance with 
the results of With (1955), but in contrast 
to those of Heikel (1955). 

As has been shown by R. Weber (1953) 
the adsorbtion of a compound to the sup- 
porting medium has a marked influence on 
the travelling velocity of the compound in 
zone electrophoresis. The velocity increases 
with increasing concentrations of the com- 
pound. This observation was confirmed by 
us. Actually we found that in the case of 
porphyrins with 3 and 4 acidic groups we 
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could invert the travelling velocity of the two 
compounds by increasing the amount of the 
porphyrin with 3 acidic groups or by de- 
creasing the: amount of the porphyrin wath 
4 acidic groups. Thus if paper electrophoresis 
is used for the identification of the number 
of acidic groups in a porphyrin, one has to 
use identical concentrations of the porphyrin 
investigated and the markers. In this case 
the front of the cometlike spots will move 
with speeds directly comparable with the 
number of acidic groups. 

It is quite obvious that under these condi- 
tions paper strip electrophoresis is not very 
useful, and in many case could be used only 
for porphyrins with 5 or more acidic groups. 
We therefore tried the method of Papasta- 
matis & Kench (1952) using agar gel as the 
supporting medium and M/15 phosphate buf- 
fer pH 8.0 and found that no or very slight 
the 
method of preparing the agar gel was rather 


adsorbtion could be seen. However, 
laborious and time-consuming, and the ap- 
paratus used in many ways unfit for the 
purpose, especially when micro amounts of 
porphyrins were to be investigated. We 
therefore tried to work out another method, 
using plastic troughs instead of the water- 
cooled glass bridge used by Papastamatis & 
Kench. A series of supporting media (starch 
paste, starch gel, paper powder, glass powder 
and others) were tested. However, so far 
we have found that the best supporting 
medium is an agar gel prepared as follows. 


METHODS 


Agar, of the highest possible quality obtained 
in the market, was dissolved in the veronal buffer 
used (ionic strength 0.05, pH 8.6) on a water bath. 
All insoluble material was spun down by hard 


centrifugation for some minutes while the so 
was still hot. By this method we got a comp 
clear and colorless solution. ; 

The concentration of the gel should be as) 
as possible. Usually we use a concentration o} 
per cent when the apparatus is placed in the q 
room, and a 1 per cent agar is used when no cod 
device is used. 

The solution was poured into the trough 4 
a layer of the desired thickness was obtaine 
allowed to gel. The gel was connected witl 
compartments through filter 
bridges as in a usual settup for paper e 
phoresis. 

The porphyrins were applied in highly conem 
trated solution into small holes in the gel fi 


electrolyte 


made by suction with Pasteur pipettes. 
The trough was covered with a glass plate 
a voltage applied across the agar bridge. 
The height and width of the trough cam} 
varied according to the analysis to be performe 
however, the length must be at least 50 cm. 
Usually we use a trough 50 cm long, 18 cmy 
and 1.5 cm high. 
The whole apparatus is put into the cold x 
(temperature +4°C) during the electrophor 
to prevent the gel from liquefying. 
When a voltage of 300 volts and a film thick 
of 2—5 mm is used, a complete separation o 
phyrins with from 8 to 3 acidic groups is obta 
in 10 to 12 hours (see Fig. 1). 


ican 
a mixture of porphyrins which, according to # 
paper chromatographic 


Electropherograms of single samples 


behavior, have 8 


6, 5, 4, and 3 acidic groups. 
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ectropherograms could be developed either 
‘illumination with Woods light, or an im- 
d be made simply by rollling a paper strip 
b surface of the agar film avoiding air 
tween the gel and the paper. The evenly 
| paper is taken off and inspected in 
ght. 

| 

\ 


| COMMENTS 


Hethod described is very suitable for 
» whether a porphyrin obtained from 
source by different methods actually 
expected number of acidic groups as 
i by paper chromatography, using 
line methods of Nicholas & Riming- 
Eriksen, which will be shown in a 
communication, can not be relied 
hen using porphyrin preparations 
stogical sources. 


| 
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Chromatographic studies of the amino 
acids in the serum of 2 cases of di Guglielmo’s 
erythroleukemia revealed a peptide giving 
a purple spot above alanine. This peptide was 
also found in the serum of 3 cases of myeloic 
leukemia, but could not be found either in 
the serum of 50 healthy adults or in the 
serum of 8 cases of Addisonian anemia. The 
term Ala-x-peptide is suggested for this pep- 
tide. In addition were found a further five 
peptides which do not occur in normal serum, 
and two peptides at the site of the Agren 
peptide but of a composition differing from 
that given by Agren (1949). 


METHODS 


Amino acids and peptides were isolated on the 
cation exchanger Zeokarb 225 H+, washed with 
water and eluated with 5 n NHsOH (Prior & 
Whitehead, 1953). The last solution was evaporated 
and the remainder dissolved in 10 per cent iso- 
propanol in water. Chromatograms of the isopro- 
panal solution developed (ascendent) on 
Whatman No. 1 paper. First run in propanol-water 
(7 :3), second run in phenol-water (Ph. 1000 : 
277 w., 0.1 per cent cupron) (Boissonnas, 1950). 
The dried chromatograms were stained by dipping 
in 6.2 per cent ninhydrin in acetone, and again dried 
at about 20° C. When an unknown spot was found, 
one or more chromatograms were made on larger 
papers and with a larger amount of the test solu- 
tion. This time the dried chromatograms were 
stained with a very weak (0.01—0.02 per cent) 


were 


ninhydrin solution. The unknown spot was cut 
eluated with water and this eluate evaporated. 
remainder was dissolved in 6 n HCl, placed 
tube, which was sealed by melting the open ¢ 
and hydrolyzed at 110° C for about 12 hours. 
tube was then broken, its contents poured of 
watch glass and evaporated over KOH. The 
of the HCl was driven off by repeated add 
of small amounts of water. The substance was 
taken up in 10 per cent isopropanol and chromiati 
graphed. In some cases only a one-dimensioii 
chromatogram was made (Dent, 1947). 


RESULTS 


The composition of the different peptt 
is given in Table I. The positions of the ] 
tides in question are shown in Fig. 1, wh 
all the peptides found are placed in relatt 
to the different amino acids. 

The Ala-x-peptide has interested us f 
since it was found both in the 2 cases 
Guglielmo’s erythroleukemia and in the 
cases of myeloic leukemia investigated. 

The composition of the peptides was 
earlier mentioned, determined by means 
isolation and acid hydrolysis of the pept 
followed by a new chromatographic anal] 
of the hydrolysate. All of the amino a 
could not be found in every analysis. 1 
results varied somewhat in different analy 
Since, however, both the color of the § 
and their positions were exactly the sam 
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2 cases of | 2 cases of 2 cases of 
erythro- erythro- Addisonian 
emer SOND 1 case of erythroleukemia ae 
myeloic 
leukemia 
Alanine- Proline Peptide Peptide Peptide’ Peptide | Peptide at 
x-peptide | y-peptide below to the left above giving a_ | the site of 
glycine of glutamine | fluorescent |the ‘“Agren- 
| glutamine spot below] peptide” 
valine ! 12 
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fter ACTH was given. For further explanation see text. 
le isolated from aminosol gave the same spot and the same amino acids. 


rent cases it is in all probability a 
of the same peptides. Since only 
1ounts were available for hydrolysis 
easily realized that one or more 
nts may have been present in 
too small to be visualized after the 


n reaction. 


Peptides found: 


-«-peptide. Found in 2 cases of di 
1o’s erythroleukemia and 3 cases of 
leukemia. If all the amino acids ob- 
n acid hydrolysis of the substance 
in the five different cases belong to 
ptide it would be composed of 10 
ids. Alanine was consistently found. 
this actually belongs to the peptide 


or accompanies it as a contamination is un- 
certain. 

2. Pro-y-peptide. Found in 2 cases of di 
Guglielmo’s erythroleukemia. It gave a small 
blue spot above proline. After hydrolysis it 
gave three or possibly four amino acids plus 
the blue spot. 

3. One peptide below glycine. Found in 
one of the cases of erythroleukemia. Content : 
Alanine, aspartic acid, glycine and serine. 

4. One peptide giving a spot to the left of 
Found in the same case of 
which showed peptide 
No. 3. After hydirolysis 12 amino acids were 
found (see Table I). 


5. One peptide giving a large spot above 
glutamine. Found in the 


glutamine. 
erythroleukemia 


same case of 
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I Propanole 7 
Water 3 


—_—> 


erythroleukemia as peptides Nos. 3 and 4. 
For content see Table I. 

6. A fluorescent spot was found below 
valine in the last mentioned patient with 
erythroleukemia one hour after the adminis- 
tration of 50 mg ACTH. This peptide was 
composed chiefly of aspartic acid and gluta- 
mic acid. On elution from the cation ex- 
changer in the usual manner with 5 n am- 
monia, only the two amino acids mentioned 
could be found. If instead we first eluated 
with n hydrochloric acid and then with n 
ammonia we found a fluorescent spot in the 
same place which gave a further 6 amino 
acids on hydrolysis (see Table I). 

7. At the site of the Agren peptide we 


Tryptophane 


spot : 


Methionine 
sulphoxide 


Nicklin: ephile 


Il Phenole 1000 
Water 277 © 
0,1% Cuprone. 


found a spot in 2 cases of erythroleukem 
and 2 cases of Addisonian anemia. Only 
the two latter cases were the peptides furtt 
analysed. According to Agren (1949) # 
peptide is composed of hydroxyproline, # 
thionine, lysine and ornithine. In our 
of Addisonian anemia hydrolysis of the pt 
tide gave the following amino acids: 

Case 1: Alanine, glutamic acid, glyci 
serine. A peptide from “aminosol” (a hyd 
lysate from caseine) gave the same spot 2 
the same amino acids. 

Case 2: Alanine, glutamic acid, glyei 
serine, leucines, valine and/or methioni 
We cannot, however, exclude the prese 
of arginine, aspartic acid and lysine. 


merely a. preliminary report. We 
aware that an analysis of larger 
‘of the respective peptides may lead 
iding of still more amino acids than 
mtioned here. At present the patho- 
tical importance of the peptides 
re is obscure. Work is continuing in 


elucidate their importance and to 
ec the amino acid sequence of the 
| 


SUMMARY 


iatographic studies of the amino 
the serum of 2 cases of di Gugliel- 
throleukemia revealed a _ peptide 
purple spot above alanine. This pep- 
also found in the serum of 3 cases 
ic leukemia, but could not be found 
the serum of 50 healthy adults or 
n of 8 cases of Addisonian anemia. 
1 Ala-x-peptide is suggested for this 


ther five peptides were found, but 
istently, in cases of leukemia. The 
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composition of the peptides was determined 
by means of isolation and acid hydrolysis, 
followed by a new chromatographic analysis 
of the hydrolysate. The positions of the pep- 
tides are given in Figure 1, and their com- 
position in Table I. The presence of these 
peptides may possibly provide a diagnostic 
clue in doubtful cases. Work is continuing 
in order to elucidate their patho-physiologi- 
cal importance. 
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During some investigations of radiation- 
exposed persons, Dickie & Hempelman 
(1947) found that the lymphocytes from 
these individuals showed an increased num- 
ber of granules in their cytoplasm. These 
granules could be stained supravitally with 
neutral red. Shortly before, by dark field 
microscopy, Schreck (1947) had shown that 
after irradiation there was an increase in 
granules and vacuoles in cyto- and caryo- 
plasm in lymphocytes. 

Prigosen (1924) had earlier shown that 
tumor cells show an increase of neutral red- 
stainable elements after irradiation, while 
there is a decrease in the number of mito- 
chondria. 

According to the investigation of Gall 
(1956) and Dickie & Hempelmann (1947) 
the number of neutral red bodies per cell in 
the lymphocytes from normal persons will 
be low; the latter find that less than 20 per 
cent of the lymphocytes will have over 5 
granules per cell. Apart from radiation, un- 
specific chemical action (Dickie & Hempel- 
mann, 1947) and certain pathological con- 
ditions (Lawrence & Todd, 1931) will 
give rise to an increase in the number of 
neutral red bodies per cell. Olesen (1936) 
has investigated the influence of the concen- 
tration of the dyestuff on the number of 
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neutral red granules in leukocytes and fing 
in the main, am increase in the numbet 
stainable red bodies with imcreasing conetl 
tration, but this is far from being any Go 
stant phenomenom for the lymphocytes 
particular. 

Gierlach (1936) has shown an incre 
staining with fluorochromes and neutral 
in X-ray damaged cytoplasm in epidermi 


cells from Alium cepa. 
The nature of the neutral red staimnall 
bodies has been discussed. McClendon ' 
Mitchell (1911—12) thought they belong 
to the lipoids; on the other hand Hart 
(1913) considered them to be lecitho-pi 
teids. More modern authors (Dalton, 193) 
Dalton & Felix, 1952; Baker, 1951; Thom 
1952) call these granules lipochondria 
definition and some of the authors (Bak 
1951; Thomas, 1952) consider that the { 
nules take part in the formation of the Gd 
substance in cells which are prepared acct 
ing to special techniques. 
Recently Hempelmann & Knowl 
(1953), making some histochemical investi 
tions on the nature of the neutral red bo 
found that they can be dissolved in Ii 
solvents. Furthermore they can be staif 
with fat stains such as Sudan Black B, os 
acid and Nile Blue sulphate (blue col 
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show strong birefrigence and their 
index is between 1.45 and 1.48. 


re negative polysaccharide and nuc- 
| reactions and the authors believed 
cles to consist of phosphate-lipid 


ETHODS AND MATERIALS 


ml of a saturated alcoholic solution of 
d are added 100 ml of absolute alcohol, 
olution is spread uniformly over previous 
ides, 0.1 ml to each. These are placed 
ly and dried in warm air so that uniform 
sutral red are left on the slides. The blood 
in a centrifuge tube which contains a 
-amount of sodium oxalate and is centri- 
/2—3 minutes (at about 3000 r. p. m.). 
-y tube is used to take 3—4 drops of the 
suspension from the buffycoat, these are 
the prepared slide and are spread out to 
ircle of about 1 cm diameter. After this 
two of the cell suspension is transferred 
dry microscope slide (without dye) and 
stirred to ensure uniform dyestuff concen- 
cover slip with vaselined edges is placed 
drop and pressed lightly on the slide, so 


‘ell suspension is protected from the air. 
aration is allowed to stand for 1 hour 
emperature before it is examined. 
sncentration of neutral red used iow thie 
hat recommended by Dickie & Hempel- 
47), although the use of Janus green has 
ted. 

nphocytes are identified by phase contrast 
y, and the number of neutral red bodies 
s counted by ordinary illumination; 200 
‘es are examined per preparation. 

mit between “normal” and “abnormal” 
fes is quite arbitrarily set at 5 granules 
us was done by Dickie & Hempelmann 
» that lymphocytes with 5 granules and 
called “normal” while lymphocytes with 
s and more are described as ‘“‘abnormal”. 
ntioned before the preparation is allowed 
for 1 hour at room temperature before 
on. It has been shown that no demon- 
anges take place in the preparation after 


this time, by letting one investigator count the 
preparation 1 hour after staining and another count 
it 2—5 hours after staining. No significant altera- 
tion in the number of “abnormal” lymphocytes was 
found. On the other hand after 24 hours almost 
all the neutral red bodies have disappeared. 

The investigations have been carried out on 
human lymphocytes, and the persons examined can 
be divided into 3 groups, namely a control group, 
I, and 2 groups of persons who have been exposed 
to radiation over a long time, II and III. 

Group I comprises unselected persons among 
the donors from Bispebjerg Hospital’s blood bank. 

Group II comprises personnel from Finsen In- 
stitute and Radiumstation, who work with X-ray 
diagnosis or X-ray or radiumtherapy; the doses 
these persons are exposed to vary, but are fixed 
below 0.3 rem per week. 

Group III comprises pers ons with internal con- 
tamination after injections of 10—30 ml thorotrast 
5—10 years ago. The thorotrast is taken up by 
the reticuloendothelial tissue and mainly deposited 
in liver, spleen and bone marrow. 


Welle Ib 
“Abnormal” Number of cases 
lymphocytes 
in per cent Group I Group II | Group III 
O= 210 19 0 1 
10— 20 15 3 1 
20— 30 10 2 1 
30— 40 2 7 0 
40— 50 2 17 6 
50— 60 0 6 6 
60— 70 0 8 24 
70— 80 0 4 11 
80-— 90 0 1 ai 
90—100 0 0 0 
IE SOIUARS 
Table I shows the distribution of ‘ab- 


normal’ lymphocytes for the 3 groups; it is 
seen that of 48 cases in the control group, 
42 have less than 30 per cent “abnormal” 
lymphocytes in the blood, while in 48 cases 
in group II 43 have more than 30 per cent 
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“abnormal” lymphocytes. The corresponding 
figures in group III are 54 cases, where 51 
have over 30 per cent “abnormal” lympho- 
cytes. 

The mean value of abnormal lymphocytes 
in group III is 62.4 per cent, the correspond- 
ing figure for group II is slightly lower, 
namely 49.8 per cent. In group I, which is 
the normal group this figure is down to 15.2 
per cent. The percentage of lymphocytes with 
increased number of neutral red bodies was 
found to be independed of the total number 
of lymphocytes. 

An attempt to investigate the influence of 
injected dose or dose X time on the percent- 
age of “abnormal” lymphocytes failed to 
show any significant correlation. In group 
III there are two cases with less than 25 
per cent “abnormal” lymphocytes. The first 
was a patient with 7.5 per cent “abniormal”’ 
lymphocytes, she hada splenectomy 10 years 
after the injection of thorotrast and 4 years 
before the present investigation. The other 
case was a patient with 11 per cent ‘“ab- 
normal” lymphocytes. This patient had an 
extravascular deposition of thorotrast in the 
neck, and the injection was made 8 years 
before the blood-investigation. 

The thorotrast dose was not remarkably 
low in any of these two cases. 

It has been shown in the above that irradia- 
tion with relatively small doses gives an in- 
crease of the neutral red bodies in the 
lymphocytes; individual investigations with 
single irradiations with doses down to about 
50 r locally also give an increase in the lym- 
phocytes’ content of neutral red bodies. 

Trowell (1952) has found that lympho- 
cytes from cultured lymph nodes irradiated 
im vitro did not show any change of neutral 


red stainable vacuoles, or of mitochon 
further, Hempelmann & Knowlton (1% 
failed to find any increase in neutral 
bodies in human lymphocytes from he 
rinized whole blood irradiated in vitro} 
1000 r of 250 kv X-rays. A few im ail 
investigations with irradiation (200 1) 
human oxalate blood placed in a thermos 
at 37° C for one to four hours, failed to 
any definite increase in the number of nett 
red bodies in the lymphocytes. It was 1 
possible to keep the lymphocytes. alive { 
more than about four hours. 
Animal experiments showed that lympl 
cytes from mice, rats and rabbits no 
show so many neutral red stainable 
in their cytoplasma, that with the p: 
method no changes could be detected ¢ 
irradiation. 
SUMMARY 
Continuous irradiation with small « 
gives a greater percentage of lymphog 
with increased numbers of neutral red st 
able bodies in the cytoplasma. 
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DETERMINATION OF PROTEIN IN CEREBROSPIN@ 
FEUD, 


A COMMENT ON THE VGOWRYeMELoHOD 
By O. SVENSMARK 
From the Institute of Neurophysiology, Umi 


(Received for publication October 12, 1957) 


On the basis of the color reaction with 
Folin’s phenol reagent, Lowry, Rosebrough, 
Farr & Randall (1951) have proposed a 
very sensitive and simple method for the de- 
termination of protein. Daughaday, Lowry, 
Rosebrough & Fields (1952) thave reported 
that the method is suitable for the determina- 
tion of protein content of cerebrospinal fluid 
(c.s.f.) and Lous, Plum & Schou (1956) 
have recommended the method for routine 
determinations. 

In this laboratory, however, the method 
invariably has given higher values than 
determinations with other methods. It was 
suspected that the cause of this discrepancy 
consisted in a varying content of color pro- 
ducing non-protein substances (such as tyro- 
sine, tryptophan, acetic salicylic acid, phen- 
acetine, chloropromazine etc.) in the dif- 
samples. Daughaday et al. 
(1952) report an average correction value 
due to these color producing non-protein 
of 0.06 and 
mend that this value be subtracted from the 
protein values determined. It is, however, 
unlikely that the amount of color producing 
non-protein 


ferent c. s. f. 


substances mg/ml recom- 


constant from 
sample to sample. Therefore, the actual 
amounts of these substances have been deter- 


substances is 


50 


rersity of Copenhagen, Copenhagen, Denmark 


mined in c. s. f. samples from neurosurg 
neurological and psychiatric patients. ] 
thermore, it was examined whether th 
curacy of the Lowry method could b 
creased by individual correction values 


METHODS 


The protein determination was carried o1 
cording to the instructions given by Daugl 
ct al. (1952) using a tyrosine solution (0.13 m 
in 0.1 N hydrochloric acid as a standard. 
standard represents a protein concentration of 
mg/ml. A Beckman spectrophotometer model 
was used; the extinctions were read at 700 

The amount of color producing non-protein 
stances (the correction value) was determined 
analysing a deproteinized extract of the ¢ 
sample. 

Deproteinization: In a small centrifuge 
(5°50 mm) 0.05 ml of perchloric acid (605 
cent, sp. gr.: 1.54) was added to 0.5 ml of a: 
sample. After careful mixing and_ standing 
S—15 minutes at room temperature the tube 
centrifuged for 10 minutes at about 6000 g, 
samples of 0.2 ml of the supernatant were 
for analysis. 

Calculation: 
lated as 


The correction value was § 


in concentration calculated with individual 


values was 
Bs ik 


E —E 
8 b 


and E, are the extinctions for blank, 


°0.5 mg/ml 


picid extract, standard and sample respec- 
he factor 1.1 was introduced in order to 
ir the dilution of the sample by the addition 
dric acid. 


RESULTS 


‘ears from Figure 1 that c. s. f. samp- 
rined most varying amounts of color 
kg non-protein substances 


g. to correction values ranging from 


COLLC> 


».45 mg/ml. In the material presented 
' use of a fixed correction value of 
/ml — as recommended by Daugha- 
J, (1952) and Lous e¢ al. (1956) — 
ntroduce errors in the protein deter- 
is ranging from 0 to 0.39 mg/ml. As 


O04 
CORRECTION VALUES 


i/o 


Cie 02" “Q3 


Mistribution of correction values from de- 
yns on 94 cerebrospinal fluid samples from 
rical, neurological and psychiatric patients. 
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Wajnike dh with 


Lowry’s method and a tensiometric method. 


Protein determinations 


Lowry’s method |Lowry’s method 


with fixed with individual Pee as A 
: : eterminations 
corrections corrections iain 
mg/ml mg/ml = 
0.41 0.31 0.29 
0.40 0.30 0.31 
0.35 0.27 0.25 
0.55 0.41 0.39 
0.43 0.31 0.30 
0.37 0.28 0.28 
0.30 0.26 0.25 
0.09 0.08 0.07 
0.77 0.68 0.67 


1 The tensiometric determinations were carried 
out by Dr. L. Uhrbrand. 


compared to the normal range of protein con- 
centrations in human c.s.f. samples (0.1— 
0.4 mg/ml) such errors are considerable. 

In order to decide whether individual cor- 
rection values would increase the accuracy 
of the Lowry method, such determinations 
were compared with protein values deter- 
mined by a tensiometric method whose ac- 
curacy has been controlled with micro Kjel- 
dahl determinations (Uhrbrand, 1956). The 
figures of. Table I show that the individually 
corrected values agree with the tensiometric 
determinations while no such agreement was 
found when a constant correction was used. 
To avoid large errors in the protein deter- 
mination it is therefore recommended that 
a perchloric acid extract be analyzed with 
the sample as described above. 


SUMMARY 


Protein determination in cerebrospinal 
fluid according to Lowry’s method involves 


a fixed correction for color producing non- 


Se O. SVENSMARK 


protein substances. The actual content of 
color producing non-protein substances in 
c.s. f. samples from 94 hospitalized patients 
varied considerably and it is recommended 
to include individual correction values in the 
determination. 
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JORIMETRIC METTOD FOR IMEASUBRING: TEE “AGIIMIEY 
IN SERUM OF THE ENZYME GLUTAMIC PYRUVIC 
TRANSAMINASE 


| By T. LAURSEN and P. FROM HANSEN 


vom the Department of Clinical Chemistry, Rigshospitalet, Copenhagen, Denmark 1 


nzyme glutamic pyruvic transaminase 
s the following reaction: 


ine + a-ketoglutarate <= pyruvate + 
Be. 

mzyme activity can be expressed as 
unt of pyruvate produced at a certain 
‘he amount of pyruvate can be 


aed by adding lactic dehydrogenase 
luced diphosphopyridine nucleotide 
1). Pyruvate is transformed to lac- 
| DPNH to diphosphopyridine nuc- 
(DPN). The increase in the amount 
equals the amount of pyruvate con- 


© lactate. 
nethod for determining the enzyme 
> pyruvic transaminase which is to be 
~d in this paper is based on a fluori- 
letermination of diphospyridine nuc- 
(DPN). 
has no native fluorescence but it can 
fluorescent by suitable reagents. The 
1 of acetone to DPN forms a con- 
n product which yields a high fluor- 
This method of determining DPN 
m has been introduced by Levitas, 
n, Rosen, Huff & Perlzweig (1947). 
er & Kodicek (1950) and _ later 


d by a grant from Eli Lilly and Company, 
lis. 


cn 


io) 
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Burch, Storvick, Bicknell, Kung, Alejo, 
Everhart, Lowry, King & Bessey (1955) 
have, instead of acetone, used methyl ethyl 
ketone for developing the fluorescence. Me- 
thyl ethyl ketone is less volatile than acetone 
and the condensation product gives twice as 
much fluorescence. Greengard (1956) has 
used this principle in estimating pyruvate. 
In the presence of lactic dehydrogenase, 
and reduced diphosphopyridine nucleotide 
(DPNH) pyruvate is transformed to lac- 
tate, and equimolar amounts of DPNH are 
transformed to DPN. DPN is measured: by 
condensation with methyl ethyl ketone in an 
alkaline medium. In this way pyruvate can 
be determined in amounts of 2.5- 10-11 
mole. Lowry, Roberts & Kapphahn (1956) 
have used a similar procedure for estimating 
the enzymes lactic dehydrogenase and 6 — 
phosphogluconic dehydrogenase in tissue. In 
this procedure DPN is treated with alkali 
and not with methyl ethyl ketone. 

In the method described in this paper the 
fluorescence of DPN is developed by con- 
densation with methyl ethyl ketone. The 
principle of the method can be used for the 
determination of the activity in serum of 
other enzymes if the determination depends 
on a change of DPNH to DPN. So far we 
have developed fluorimetric procedures (to 
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be published) for determining the activity in 
serum of glutamic oxalacetic transaminase 
and lactic dehydrogenase. 


METHOD 
Reagents. 


a) Phosphate buffer, M/15, pH 7.4. 


b) a-ketoglutarate M/10, dissolved in buffer (a). 
pH is adjusted to 7.4. 

c) l-alanine, 1.78 gm of l-alanine and 1.30 gm of 
anhydrous dibasic potassium phosphate are dis- 
solved in water, pH is adjusted to 7.4 and the 
solution is diluted to 100 ml with water. 


d) Nicotinamide, 1 gm/100 ml, dissolved in 
buffer (a). 

e) DPNH (Boehringer & Sohne), 6 mg/ml dis- 
solved in M/10 Tris buffer, pH 8.0. 

f) Lactic (Boehringer & 
Sohne, crystal suspension, about 5 mg enzyme 
protein per ml). Diluted 1 to 40 with buffer 


(a), daily prepared. 


acid dehydrogenase 


g) Trichloroacetic acid, 10 gm/100 ml. 

h) Methyl ethyl ketone. 
20 wl manganese chloride solution (MnCl, 
4 HeO, 1 gm/100 ml) and 10 ml methyl ethyl 
ketone are mixed, daily prepared. 

i) Potassium hydroxide, 5 N. 

k) Hydrochloric acid, 2 N. 

1) Monobasic potassium phosphate, 20 gm/100 ml. 

m) Quinine sulfate, 0.2 mg/100 ml, dissolved in 
0.6 N sulfuric acid. 

n) DPN (Boehringer 
“reinst’”). 


The solutions a, b, c, d, e, and f are stored at 
ye 


& Sohne, 


preparation 


Apparatus. 


Different sizes of constriction pipettes and 
syringe pipettes. Matched test tubes for fluorimetric 
measuring. 
Fluorometer (Kipp) 
Primary filter 


Secondary filter 


max. transmission 


360 mu. 
480 mu. 


max. transmission 


Procedure 
Determination of the sample 


0.2 ml serum, 0.3 ml nicotinamide (d), 0.054 
DPNH (e), and 0.05 ml lactic acid dehydrog 
(f) are mixed in a 10 ml centrifuge tube with1 
bottom. The tube is placed in a water bath at 
centigrade for about 10 min. 0.7 ml substrate ¥ 
is made up of 5 parts of l-alanine (c) and 2 py 
of a-ketoglutarate (b) is added, and the time nul 
on a stop watch. After exactly 10. min. 0.5 
chloroacetic acid (g) is added to inactive the tra 
minase. After centrifugation 0.5 ml of the sw 
natant is pipetted into a matched test tube 
0.5 ml methyl ethyl ketone (h) is added. Al 
shaking 0.2 ml 5 N Potassium hydroxide ( 
added, the tube is again well shaken, 0.8 ml 
hydrochloric acid (h) as added and the tul 
again shaken. After 5 min. at room temper 
the tube is placed in a boiling water bath 1 
min. to remove the methyl ethyl ketone. Fi 
0.5 ml potassium phosphate (1) and 6 ml wa 


fluorometer standard. This standard should giw 
fluorometer reading of 100. 


Determination of the blank 


The mixture of serum, DPNH, lactic acid 
hydrogenase, and nicotinamid is placed in a We 
bath at 37° centigrade for about 10 min. 9. 
trichloroacetic acid is added, and followed by@. 
of the substrate. The same procedure as fot 
sample determination is then followed. 


Determination of spontaneous transamina 


This determination is done exactly as dese 
for the serum determination (including sample 
blank), except that 0.2 ml serum is substitute 
0.2 ml buffer. 


This determination is made daily. 


Calculation 


A DPN standard curve is prepared by add 
DPN (n) solutions in different concentration 
the reaction mixture instead of serum. No DI 
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on 
or 


STANDARD CURVE 


005 10} 015 0,20 025 
ROMOLS DPN 


(Fig. 1. DPN standard curve. 


Fhe procedure for the serum blank deter- 
-is then followed. DPN is added in 
“om 0) to 0.25 micromols. Fig. 1 shows the 
turve. 

he calibration curve is found the number 
ols DPN in sample solution. A, and in 
‘solution, B. 

flues for the determination of the spon- 
ansamination are found in the same way 
mple, C, and for the blank, D. 

mber of micromols DPN produced per 
am per 10 minutes is: (A—B) — (C—D). 
t equals the number of micromols pyru- 
iced. 

zyme activity is expressed as the number 
aols pyruvate produced per hour per 


SSULTS AND DISCUSSION 


aviation in the concentration 
of the substrate: 


fluence of the concentration of the 

(l-alanine and a-ketoglutarate) 
investigated. Each part of the sub- 
s been tested separately. Fig. 2 and 
ow the relation of the enzyme acti- 
the concentration of l-alanine and 
tarate respectively. 

of l-alanine (c) and 0.2 ml of 


Micromols Pyruvate per ml 


10 


08 S.-i hn 


of serum per hour 


01 02 03 04 05 


G 
ML L-ALANIN ( 02 MOLAR) 


Fig. 2. The enzyme activity as a function of the 
concentration of l-alanine. 


tee Se 
oc co} 


of serum per hour 


01 02 
ML & ~-KETOGLUTARATE (0) MOLAR) 


Micromols Pyruvate per ml 


Fig. 3. The enzyme activity as a function of 
the concentration of a-ketoglutarate. 


a-ketoglutarate (b) have been used for 
routine analysis. 

It has been shown by 34 comparative ex- 
periments. that dil-alanine in twice as strong 
a concentration as l-alanine can be used in- 
stead of l-alanine. 

DPNH_ is added in surplus and the con- 
centration used was found to have no in- 
fluence on the enzyme activity. 


The serum blank. 


The value for the serum blank determina- 
tion includes the value for the preformed 
pyruvate. For this determination it has been 
found that it does not make any difference 
whether the mixture of serum, nicotinamide, 
DPNH, and lactic acid dehydrogenase has 
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ig. 4. The enzyme activity as a function 
of the amount of serum. 


Micromols Pyruvate per ml 
of serum 


10 15 


-TIME IN MIN 


Fig. 5. The enzyme activity as a function of time. 


been standing 5, 10, or 20 minutes at 37° 
centigrade before trichloroacetic acid is ad- 
ded. This means that the oxidation of DPNH 
after a 5 minute period does not proceed in 
a measurable degree unless l-alanine and 
a-ketoglutarate are added. 


The relation of the enzyme activity to 
the amount of serum, the incubation time, 
the temperature, and the pH 


Fig. 4 shows the relation of the activity 
to the amount of serum of which 50 pl to 
200 wl have been added. It is seen that the 
enzyme activity is almost proportional to the 
amount of serum added. It should be men- 
tioned here that if the enzyme activity on 


20) 30° 40° 50, 60970 


TEMP CENTIGRADE 


Micromols Pyruvate per ml! of serum per hour 


Fig. 6. The enzyme activity as a functior 
of temperature. 


of serum per hour 


Micromols Pyruvate per ml 


iy RP pl 


Fig. 7. The enzyme activity as a function 0! 


addition of 200 pl serum is so high that 
reading on the fluorometer is over 100, 1 
test should be done again with 100 yl seftl 

Fig. 5 shows the influence of the inc#l 
tion time on the enzyme activity. A 10 
nute incubation time is used for the rout 
analysis. 

Fig. 6 shows the influence of the tem 
rature on the enzyme activity. This exp 
ment has been performed with a 10 m 
incubation time. The Q1o value calculated! 
the interval from 30° to 40° centigrad 
found to be 1.6. The importance of kee 
a constant temperature during the incuba 
is obvious. 


shows the influence of pH on the 
ctivity. It is seen that the enzyme 

imum pH about 7; pH 7.4 has 
a the routine analysis. 


levelopment of the fluorescence 


ondensation product of DPN and 
hyl ketone has a high fluorescence, 
stable for at least 24 hours. 

_ has a native fluorescence which 


ere with the fluorimetric measuring 
This native fluorescence of DPNH 


red by acidification (Lowry e¢ al., 


ible decomposition of DPN by the 
XPN-ase is avoided by adding nico- 
(MclIlwain & Rodnight, 1949). 

me and a-ketoglutarate have no in- 
1 the development of the condensa- 
duct of DPN and methyl ethyl 


Recovery experiments 


Ty experiments with pyruvate have 
at this substance can be recovered 
97 per cent and 103 per cent. 


Accuracy 


indard deviation on the mean value 
plicates, calculated from 98 dupli- 
).1 unit. 

| 


| Normal values 


rermination has been done on serum 
vealthy blood donors. A mean value 
ts with a standard deviation of 0.5 
found. 
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Adaptation of the method to smaller 
amounts of serum 


It should be mentioned that the method 
can easily be adapted to the use of 100 ul 
serum instead of 200 wl serum. This can be 
done by taking half the amount of substrate, 
trichloroacetic acid and serum. It will still be 
possible to get 0.5 ml of the supernatant for 
developing the condensation product. An- 
other possibility is to increase the sensitivity 
of the fluorometer. In that way smaller 
amounts of supernatant can be used, which 
makes it possible to use still smaller amounts 
of serum. 


Comparison with other methods: 


The method described has been compared 
with a colorometric method which involves 
an estimation of the produced pyruvate by 
adding dinitro-phenylhydrazin to form pyru- 
vate-dinitro-phenylhydrazone (Wroblewski 
& Cabaud, 1957). 


Fig. 8 illustrates the comparison. 


MICROMOLS PYRUVATE PER HOUR PER ML SERUM 
10 COLORIMETRIC METHOD 
(DINITROPHENYLHYDRAZONE ) 


PSS GD ee Odea) 


ine ae Sue ewe LOSE anne Oe LOW 1G 
MICROMOLS PYRUVATE PER HOUR PER ML SERUM 


FLUOROMETRIC METHOD 
Fig. 8. The comparison between the fluorimetric 
method and the colorimetric method of Wroblewski 
& Cabaud. The dotted line indicates the upper 
limit for the normal values. 
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40 different sera have been tested with 
both methods. It is seen that there is a rather 
big discrepancy. No satisfactory explanation 
has been found for this phenomenon, but it 
can be stated that experiments with the colo- 
rimetric method have shown that only 87 per 
cent of the pyruvate can be recovered in 
some cases. Furthermore, no constant relation 
between the enzyme activity and the amount 
of serum added has been found when using 
the colorimetric method of Wroblewski & 
Cabaud. 


SUMMARY 


A method for the determination of glutamic 
pyruvic transaminase (GPT) in serum is 
presented. 


The procedure runs in two steps. 

I: Serum is incubated 10 minutes at 37° C 
in a substrate made up of l-alanine, a- 
ketoglutarate, nicotinamide, DPNH, and 
lactic dehydrogenase. 

II: DPN formed is measured by the fluo- 
rescence of its 
product. 


ketone condensation 


The method is found to be sensitive 
produceable and well suited as a fo 
method for a hospital laboratory. 
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)-DIMENSIONAL Pete ReECiROMATOGR ArEIC ME LHO 


BOW THE SEPARATION OF BARBITURATES 


By H. MOLLERBERG 


the Department of Clinical Biochemistry, Karolinska Sjukhuset, Stockholm, Sweden 


pst common methods for the quan- 
stimation of barbiturates are based 
fact that barbiturates in alkaline 
ave a strong ultra-violet absorption 
‘e, 1940; Goldbaum, 1952; Lous, 
‘hese spectrophotometric methods 
information as to what particular 
Fe is analysed, though it is possible 
ome conclusions from the solubility 


“xact wave-length of the absorption 


1. The chromatographic analysis, 
is of greatest value in this respect. 
i one-dimensional paper chromato- 
nethods have been suggested, dif- 
- the choice of the developing sol- 
1 the way of detecting the barbi- 
yn the chromatograms. Algier1 & 
1952) and Riebeling & Burmeister 
ise e.g. n-butanol saturated with 
Sabatino (1954) prefers ethylene 
whereas Allgén (1953, 1957) re- 
od results with iso-amyl alcohol 
with ammonia in ammonia atmos- 
tibner & Pfeil (1954) recommend 
ohol and butanol saturated with 
_ The best separation so far seems, 
to have been achieved with diffe- 
ures of chloroform (Wickstrom & 


1952; Wright, 1954; Deininger, 
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Some of the investigators detect the bar- 
biturates after spraying the chromatograms 
with more or less specific reagents (Sabatino, 
1954; Hubner & Pfeil, 1954; Wickstrom & 
Salvesen, 1952; 1955) while 
Grieg (1952), Riebeling & Burmeister 
(1954), Allgén (1953, 1957) and Wright 
(1954) locate the barbiturates in alkaline 
environment as dark spots in ultra-violet 


Deininger, 


light. 

As it hardly seems possible to separate the 
with sufficient 
accuracy even with these above-mentioned 
one-dimensional methods, this investigation 


multitude of barbiturates 


was carried out in an attempt to elaborate 
a two-dimensional paper chromatographic 
method for the separation of barbiturates. 


MATERIAL 


The barbiturates analysed in this investigation 
are listed in the table. As the method was intended 
chiefly for use in cases of barbiturate intoxication 
such as suicidal attempts, drug addiction etc., only 
babiturates for oral intake were included. 


METHODS 
Reagents 


Amyl acetate A. R. Chloroform purissum sta- 
bilized with 1 per cent ethanol. Concentiated am- 
monia A. R. 
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Procedure After being dried at 100° C for five minut 
: : 2 5 : hromatograms are treated with ammonia vap 
10 wl of a chloroform solution of barbiturate 1s . ae j : a 
ee ; : five minutes and examined in ultra-violet }j 
applied with a micropipette to a Whatman | chro- 
matographic sheet, 48 « 54 cm, which is then 


allowed to equilibrate for at least one hour in 


from a mercury lamp with maximal emissi 
about 2600 A (type LUS, manufactured by L 
Stockholm). The barbiturates appear as dark }} 


a tank saturated with chloroform and ammonia. : 
: spots on a light blue background. The effec! 


The chromatogram is developed at room tempera- ; 
- ‘ be considerably accentuated by putting a fluoresy 


screen between the chromatogram and the obsey 
(Grieg, 1952). The screen might ec. g. be a ¢ 
plate coated with a thin film of cadmium ho 


ture by descending technique with the chloroform 
phase of a mixture of two parts of chloroform and 
one part of concentrated ammonia (v/v). 


After drying at room temperature for about five 3 eae 4 ; 
suspension (the suspension is supplied by LI 


Stockholm). 

The complete procedure will take about + 
hours. By this method it is possible to detect | 
turates in amounts from 10 to 40 weg. 

An additional possibility to distinguish be 
the different barbiturates is offered after spr 
the chromatogram with a 0.02 M potassium per 
ganate solution. The barbiturates containing 
reducing radical in their molecule can then i 


minutes the paper is suspended in another tank 
saturated with amyl acetate and ammonia and al- 
lowed to equilibrate for at least one hour. The 
chromatogram is then run at right angles to the 
first direction by descending technique with the 
amyl acetate phase of a mixture of two parts of 
amyl acetate and one part of concentrated ammonia 
(v/v). It is necessary to saturate the chromato- 
graphic tanks with fresh concentrated ammonia 
immediately before the run. 


Table. Rf-values of barbiturates after two-dimensional paper chromatography. 
(NFN indicates name accepted by Nordiska Farmakopénamnden.) 


& 

a 8 

eg & : 
g ay 5 Sees = GS 
E 5 Se s|e 26 am 
=) Se] eG wooly ats gg] 
Zz Zi Oa oe | ecm 
1 allypropymal (NFN) 5-isopropyl-5-allyl barbituric acid 
2 diallymal (NFN) 5,5-diallyl barbituric acid 
3 diemal (NFN) 5,5-diethyl barbituric acid 
4 diminal 5-ethyl-5-(1-methyl-butenyl) barbituric acid 18 als 
5 eldoral 5-ethyl-5-piperidyl barbituric acid 04 04 
6 enhexymal (NFN) Sapte hy 5-cyclohexenyl-N-methyl barbituric acid 75 58 
7 enphenemal (NFN) _ 5-ethyl-5-phenyl-N-methyl barbituric acid 74 50 
8 gemonit 5,5. diethyl-N-methyl barbituric acid 62 A0 
9 hexemal (NFN) 5-ethyl-5-cyclohexenyl barbituric acid 15 14 
10 ibomal (NFN) 5-isopropyl-5-(8-brom-allyl) barbituric acid 12 wy 
11 idobutal 5-n-butyl-5-allyl barbituric acid 40 39 
12 mebumal (NFN) 5-ethyl-5-(1-methyl-butyl) barbituric acid 4 i 
13. medapan 5-ethyl-5-cycloheptenyl barbituric acid 30 24 
14 pentymal (NFN) Bee 5-isoamyl barbituric acid 99 sul 
15 phenallymal 5-allyl-5-phenyl barbituric acid O05 09 
16 phenemal (NEN) 5-ethyl-5-phenyl barbituric acid 03 09 
17 soneryl o-ethyl- 5-butyl barbituric acid 30 33 
18 vesperon 5-allyl-5-(8-brom-allyl) barbituric acid .06 Ala 
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be seen as yellow spots on a red back- 


| ee the derivatives with a cyclo- 
! cycloheptenyl group show a delayed 
and appear as yellow spots about a 
er the spraying. 

| 

| RESULTS 

“values for the eighteen barbiturates 
-o solvent systems are listed in the 
vch pair of Rf-values is the mean of 
endent estimations. The positions of 
turates after two-dimensional paper 
graphy are visualised in the Figure, 
e reducing property of the barbitu- 
narked as well. 

' soon realised that the Rf-values 
be relied upon for the identification 
wn spots. It was therefore necessary 
ases to run a test solution under the 


- . 
editions for comparison. 


DISCUSSION 


s two-dimensional paper chromato- 
method it might be possible to dis- 
between at least thirteen barbituric 
yatives out of eighteen. This method 


this respect superior to the two- 
zal procedure suggested by Romano 
who reported Rf-values between 
.0. It is interesting to note that the 
graphically fastest moving barbi- 
ostly belong to the short-acting ones 
the slow-moving are long-acting, 
‘of great value to know in clinical 
ntoxication. The N-methylated bar- 
have considerably higher Rf-values 
non-methylated ones. 


SUMMARY 
dimensional paper chromatographic 
is described using chloroform-am- 


Ri 
7 
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7 

8 
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Fig. Two-dimensional paper chromatography of 


barbiturates. The barbiturates are represented by 

numbers according to Table. @ signifies immediate 

reduction, g delayed reduction and © no reduction 
of potassium permanganate. 


monia and amyl acetate-ammonia systems 
for the separation of eigtheen barbituric acid 
derivatives. 
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INT IRON DEFICIENCY AFTER REPEATED REMOVAL 
| OF BLOOD IN BLOOD DONORS 


By B. HAGBERG, G. WALLENIUS and L. WRANNE 


ve Department of Clinical Chemistry and Department of Pediatrics, University Hospital, 
Uppsala, Sweden 


ny humans maintain an adequate iron 
by a very narrow margin (Moore, 
After a large iron depletion, such as 
.g. in blood donors, the organism 
aly slowly to substitute from the food 
[askins, Stevens, Finch & Finch, 
A manifest iron deficiency anemia 
s develop in some of the more fre- 
ood donors (see e.g. Skold & 
trom, 1940; Laurell, 1947; Remy, 
wc’ Kriiger, 1952; Moller, 1952; 
follander, Undritz & Zehnder, 1955; 
| & Ramgren, 1956). 

ver, Kaldor (1953) found that the 
of any significant change in the level 
1 iron in his material suggested that 
tabolism is readily adapted to in- 
demands. Likewise, Davis (1953) 
rum iron values within the accepted 
f normality in blood donors, in- 
the absence of iron deficiency. The 
icy in the findings referred to above 
nutritional 


due to differences in 
and in the amount of blood that 
oved per time unit in the different 
;. As these have not generally been 
according to the frequency of the 
tings, it is mot possible to draw any 
clusions as to how often the average 
nor can be bled without provoking 


(Received for publication October 25, 1957) 


any untoward signs of a negative iron bal- 
ance. A common, more or less empirical 
schedule has been to recommend intervals of 
2—3 months, and in some places still shorter 
intervals are used. 

An early biochemical symptom indicating 
a negative iron balance in non-anemic in- 
dividuals has been pointed out by Laurell 
(1947). He found that a tendency toward 
lowering of the serum iron usually is ac- 
companied by an increase of the total iron- 
binding capacity (TIBC) of serum, resulting 
in a low saturation index (1. e. the serum 
iron as a percentage of the TIBC). 

The purpose of this investigation has been 
to study these parameters in a sufficiently 
large number of blood donors, grouped ac- 
cording to the relative frequency of blood- 
lettings during the preceding year, in order 
to be able to recommend a safe schedule for 
the blood donor services. 


MATERIAL AND METHODS 


The material consisted of 136 presumably healthy 
male blood donors picked out at random at the 
Blood Donor Service of the University Hospital 
of Uppsala. Their median age was 26 years with 
a range of 18 to 49 years. Only those with a 
hemoglobin concentration of more than 12.3 ¢ per 
100 ml were accepted as donors and included in 
the material. The blood samples were drawn im- 
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mediately before the donors gave their 350 ml- 
contribution to the blood bank. All samples were 
drawn between 9 and 10 a.m., and the donors were 
in the postabsorptive state. The history of their 
previous donations during the last years was noted 
from the records. 

The material was divided in four groups, of 
which group I consisted of the normals, 7. ¢. those 
who were bled for the first time or who had not 
been bled during the last 12 months, group II of 
those who had given 1—2 units of 350 ml, group 
III 3—4 units, group IV 5 units or more of blood 
during the last 12 months. The intervals were not 
quite regular but the interval between the pre- 
ceding blood letting and the drawing of the blood 
sample was in no case less than one month, and 
in most cases two months or more. None of the 
donors had received supplementary iron during the 
last 12 months. 

Serum iron was determined by the method of 
Vahlquist (1941) as modified by Hagberg (1953). 
The unsaturated iron-binding capacity of serum was 
estimated according to Rath & Finch (1949). The 
total iron-binding capacity (TIBC) was obtained 
by adding the values of the serum iron and the 
unsaturated iron-binding capacity. For evaluation 
of the methods, see Hagberg (1953). Hemoglobin 
was determined spectrophotometrically as oxihemo- 
globin. The 
estimated gravimetrically by van Slyke’s CuSO. 
method. 


serum protein concentrations were 


Table I. Serum iron, total tron-binding capacity, saturation index, hemoglobin 
total serum protein in blood donors 


B. HAGBERG, G. WALLENIUS AND L. WRANNE 


The material was treated statistically accord 
to conventional methods. Differences between | 
values exceeding thrice their standard erro 
been regarded as statistically significant, and @ 
ferences between 2% and 3 times their stan 
error as statistically very probable. 


RESULTS AND DISCUSSION 


The results are shown in Table LI. 
serum iron, which in the control group 
a value of 125 micrograms per 100% 
showed a tendency to rise during the 1 
four donations, reaching a maximum of 
a rise that was found to be statistically si 
ficant and that might perhaps be interpret 
as a sign of an activation of the iron 
port. When five units of 350 ml or 
had been removed per year the serum 
declined to 108 micrograms per 100 
figure still within the normal range but 
below that of the control group and 
ficantly lower than the maximum value 
group III. 

The TIBC demonstrated a slow inert 
with increasing frequency of blood donatioi 
ending up in the last group with a value 
407 micrograms per 100 ml, the differe 


| 22 | | 

ee Serum iron WANE : 
= s # oe microg microg nl es 1 

i sae per 100 ml per 100 ml a = 

a | 2|/Se 05 3 
Sales oleae S 
Sipe el eo el iM M)| Ss | } = 
Sees eB sn e(M) D M e(M) | SD = 

12391 10 WZ: Oo ae er 360.2 11.9 57.0 1.91 j 

Ji 2 Bho) IZ. 1449 5.49 343 360.4 7.83 48.9 41.1 1.59 9.91 15.0 
TIT = 48 oot 148.1 449 31.1 388.1 Sidon MOTEL. 39.6 168 11.61 14.9 
UNV G20 Sore 1107479" Or260 eoe® 406.9 iat 57.3 27.3 1.97 10.04 14.7 

more 


M = mean value 


e(M) = standard error of the mean 
SD = standard deviation 
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group I and IV being of a very 
statistical significance. The satura- 
X, expressed as a percentage, showed 
first few donations a slight but not 
nt increase, but in the last group 
x dropped to a very low figure (27.3 
), significantly lower than those of 


ther groups. 
emoglobin values showed no signi- 
ranges and were in all groups well 
vormal limits, as donors with signs 
a in the form of a decreased hemo- 
ioncentration were not included in 
erial. The protein concentration of 
as normal and almost the same in all 
ups. 

hus obvious from the above that a 
val of 350 ml of blood 1—4 times 
year did not provoke any signs of 
in this 
fe or more units of blood were re- 


remia material. However, 


rer year the serum iron showed a 


tendency to drop, accompanied by 
aneous rise of the TIBC, resulting 
iration index well below that of the 
naterial. 

juently, if no supplementary iron is 
e intervals between the bleedings of 
nale blood donors should be kept at 
ree months. 


SUMMARY 


iron, total iron-binding capacity 
| and saturation index have been 
h 136 male blood donors, all having 
Jobin concentration within normal 
> 12.3 ¢ per 100 ml). None of the 
ad received supplementary iron. 
removal of blood at a rate of 1 to 


(350 ml) per year the serum iron 


2p) 
qt 


showed a significant increase. At a donation 
rate of 5 to 6 units or more per year, the 
serum iron dropped to an average value be- 
low that of the normal material, though still 
within the normal range. In these donors the 
TIBC showed an increase, resulting in a 
lowered saturation index with an average 
value significantly beyond the normal range. 
This is interpreted as indicative of a nega- 
tive iron balance and a latent sideropenia in 
the group that was bled 5—6 times yearly. 
A safe schedule for healthy male blood donors 
would thus comprise not more than four 
donations yearly of 350 ml each, unless pro- 
phylactic iron is given regularly. 
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PERMINATION OF MAXIMUM WORKING €CAPACI TY 


" Pir re REINT AGES IN-WORK WITH THE LEGS 
ORS ees RNs 


By E. ASMUSSEN and I. HEMMINGSEN 


i i The Danish National Association for Infantile Paralysis, Hellerup, Denmark. 
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epacity for doing hard muscular work 
eee as the “aerobic capacity” 
H & Ryhming 1954) i.e. the maxi- 
2-uptake obtainable during work in 
or semi-steady state. The determina- 
the aerobic capacity by pushing the 
or the patients to the limits of their 
power is in many respects undesir- 
od Astrand & Ryhming, therefore, 
sda nomogram by means of which it 
ale with fair accuracy to predict the 


‘capacity from measurements made 
submaximal work. The nomogram — 
30 far only can be used on young 
yyears) males and females — is based 
fact that the heart rate during work 
- cases is rectilinearly correlated to 
‘k intensity or to the Oe-uptake, cf. 
trand (1952, 1956) and Christensen 


lata that form the basis for the nomo- 
ere collected by Astrand (1956) and 
from experiments on young subjects 
ard work with the large muscles of 
er extremities, e.g. running on the 
ll, 
. practical work it is often desirable 
estimate the aerobic capacity of per- 
older ages, and as sometimes in work 


bicycling or doing the step test. 


rtly paralyzed patients it is necessary 


to use arm-work as a test, it was attempted 
to modify the method of Astrand & Ryhn- 
ning in such a way that this could be ac- 
complished. 

The first of these modifications is rather 
simple. If heart rate and Oo-uptake during 
work are rectilinearly correlated, it follows 
that the increase in Ov-uptake above the 
resting value (extra Oz) must be propor- 
tional to the corresponding increase in pulse 
rate above the resting value, 
or: 

Extra Oz ==C X pulse increase. 

For any subject C can be determined from 
measurements of extra Oz and pulse increase 
at any convenient, submaximal work, and 
the extra Oz-uptake during maximum work 
(A O2 wax), 1. @. at maximum pulse rate, can 
be determined as 

NOx ce Ie VON Rk 
AP 


crease in pulse rate above the resting value. 


max 


where denotes the maximum in- 


max 
AP wax 18 the difference between the resting 
pulse rate and the maximum pulse rate dur- 
ing work. For men between 20 and 60 years 
of age the resting pulse rate can without 
great error be set to 60, and for women be- 
tween 20 and 60 years to 70. The maximum 
working heart rate decreases with age, viz. 
from about 195 at 20 years to about 160 at 


780 
170 


150 


16 20 24 28 32 36 40 


Fig. 1. Curve and formula for determining A P 


._ increase in Os-uptake 
CAs 


increase in heart rate 


© data from curve of S. Robinson (1938) based on 79 male subjects. 
< data from Astrand (1956) on 105 male and female subjects. 
+ data from Astrand & Astrand (personal communication) 


on 73 male subjects. 


the age of 60. A curve based on observations 
by Robinson (1938), Astrand (1956) and 
Astrand & Astrand (personal communica- 
tion) is presented in Fig. 1 from which 
iP 
and 60 years. The aerobic capacity (Astrand) 


max can be read for any age between 20 


is then 
resting Oz-uptake + A Oz 
where the resting Oz-uptake can either be 


max 


determined directly, read from tables of 
standard metabolism or, roughly, be set at 
250 ml/min. for men and 200 ml/min. for 
women. 

In cases where the patients are unable to 
walk but have full control of shoulders and 
arms, the work can be performed on a hand- 
driven tricycle — e.g. on a motor-driven 
treadmill with adjustable incline. 
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at any submaximal rate of work. 


46.) (48) 1520 56 


and A Oz at varying ages. 


max max 


In order to investigate whether form 
of the above kind could justifiably be 1 
also in such cases, a series of experim 
were performed to find out: 

1) if the same maximum heart rate @ 
be obtained with arm-work as with leg-w 

2) if the heart rate-Ovz-uptake relat 
was rectilinear with arm-work and 

3) to see if the slope and origin of 
heart rate-Oz-uptake curve were differen 
arm-work from those found in leg-work 


METHODS 


The experiments were performed under § 
dard conditions (fasting, preliminary rest fol 
to 45 minutes) on 11 normal men aged 
29 years. 

The subjects walked on the treadmill for 
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69 


Aeart 


18 


0.6 7.0 1.4 


‘drove the tricycle for arm-work at dif- 
ines of the treadmill so that complete 
Oz2-uptake curves were obtained for both 
ork. The oxygen uptake was determined 
juglas-bag method and the pulse rate 
_the electrocardiogram (chest lead) after 
or semi-steady state had been reached, 
ufter 5 to 10 minutes of work. At the 
est rates of work a true steady state was 
| for the heart rate, which continued to 
so after the first 10 minutes of work. 
rates used were those registered during 
sriods of collecting expired air, 7. ¢. be- 
10th and the 15th minute of work. 


MULLS AND DISCUSSION 


shows a representative couple of 
e-Oz-uptake curves while Fig. 3 
ail the measured data from eleven 


ared from the results that 7 of the 
ts attained heart rates higher than 
per minute during work with the 


2.2 


2.6 30 3.4 3.8 


COs /orin, 


feart rate in relation to Ovz-uptake during work performed with the legs (0) and with the 
almMse (XG ee oubject Ly Herz osyeans: 


arms, while 10 did so during work with the 
legs. Two of the four subjects who did not 
reach this pulse level during arm-work were 
definitely unable to work harder than they 
did, while the other two apparently were not 
pushed to the limit of their capacity. 

All the curves showed a practically recti- 
linear relationship between heart rate and 
Os-uptake during arm-work as during leg- 
work, with a tendency in 2 cases of each kind 
of work to level off when the heart rate ex- 
ceeded 180. The slope of the curves for arm- 
work was, as seen in Figs. 2 and 3, always 
steeper than in those for leg-work. 

The extension of the curves back to resting 
Os-uptake and pulse rate (lying horizontally ) 
was in 8 of the 11 subjects doing arm-work 
a straight line. The remaining 3 subjects 
showed a more or less upward displacement 
of the point of origin for the curves for 


arm-work. 
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heart 
rate 


200 
190 
180 
170 
760 
150 
140 
730 
120 
110 
100 


O Q2 06 1.0 he 1.8 2.2 


Fig. 3. Composite curves of heart rates in relation to Oz-uptake for arm-work (X) 
and leg-work (O) in 11 subjects. 


It must be assumed that this is the effect 
of a hydrostatically caused shift of blood to 
the more or less passive legs in the sitting 
position on the tricycle. It has previously 
been found (e.g. Nielsen & Fridrichsen, 
1938; Asmussen & Christensen, 1939) that 
this effect is added to the effect of work on 
the pulse rate. 

From the experiments it seems justifiable 
to conclude that a fairly accurate estimate of 
the maximum capacity for arm-work can be 
deduced from submaximal work performan- 
ces in the same way as for leg-work, e. g. 
by the formula on page 67 and Fig. 1. 

It is, however, not possible to estimate the 
total aerobic capacity for leg-work from. ex- 
periments with arm-work and vice versa. 
Further it must be expected that work with 
still smaller muscle groups cannot be used 


26 3.0 3.4 3.8 42 


é Simin. 


in the way described here, because the ii 
mum pulse rate 170—200 cannot be 
while working with too small a muscle{ 
The mass of muscles used in propelli 
tricycle is probably the limit of what1 
cessary to force the heart rate up to? 
mum values. 

The reason why the pulse rate at a 
Oz-uptake is higher in arm-work 
leg-work cannot be given. The hydr 
factor, mentioned above, was in a few 
subjects responsible for a slight incre 
the resting value, but cannot explail 
steeper slope of the pulse-Oz-uptake « 
in arm-work. 

The smaller “oxygen-pulse” (Ost 
per heart beat) would suggest a 
stroke volume of the heart during arm 
presuming the cardiac output is the sat 
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s for leg-work at the same oxy- 
|. Whether this latter assumption 
rot finally settled, but a somewhat 
“oke volume during work with 
‘le groups may be understandable 
dering the smaller capacity of the 
np in arm-work as compared to 


f 


| SUMMARY 


L data available from the literature, 
‘and a curve are presented from 
“maximum extra oxygen uptake 
rk can be determined from meas- 
made during submaximal work 
). 

‘robic capacity” (Astrand) thus 
mated for men and women from 
ears of age. 

irther been shown by experiments 
mal male subjects that the same 
mi be used also when the subjects 


vork with their arms on a tricycle. 
ens the possibility of determining 


“aerobic capacity” on patients e.g. with 
paralysis of the lower limbs. 

In normals, the “‘aerobic capacity” is con- 
siderably lower in arm-work than im leg- 
work. 
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A METHOD FOR QUANTITATIVE EVALUATION 
OF RED CELL TURNOVER. IN TUM: 
JI. NORMAL VALUES 
By S. BIRKELAND 


From Surgical Research Laboratories, Medical College of Virgima, Richmond, Va., U.S. A.@ 
The University Institute for Experimental Medical Research, Ulleval Hospital, Oslo, Norway — 
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Simultaneous analysis of rates of produc- 
tion and destruction of erythrocytes in hu- 
mans has been made by utilizing the differen- 
tial agglutination technic (DeGowin, Ellis, 
Sheets, Hamilton & Janney, 1954). Erythro- 
poiesis, red cell production and destruction 
have been evaluated quantitatively by em- 
ploying hematological data, bone marrow 
examination, fecal urobilinogen excretion and 
radioactive iron turnover with or without 
determination of red cell survival 
(London, Shemin, West & Rittenberg, 
1949 ; Crosby & Akeroyd 1952; Loeb, Moore 
& Dubach, 1953; Seip, 1953; Giblett, Cole- 
man, Pirzio-Biroli, Donohue, Motulsky & 
Finch, 1956; Joske, McAlister and Prankerd, 
1956; Bush, Aschenbrucker, Cartwright & 
Wintrobe, 1956). 

For the purpose of evaluating the relative 
importance of inadequate production and. in- 


direct 


creased destruction of red cells in clinical 
states where the total red cell mass is con- 
tinuously changing, a new approach was 

1 This study was conducted under U.S. Public 
Health Grant H-1142 on a Research Fellowship in 
Surgery at the Medical College of Virginia, 1952— 
1955. 

The preparation of the data was supported by 
a grant from the Norwegian Research Council for 
Science and the Humanities. 
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bo 


found to be necessary. A method, bas 
Cr5t-tagging of the individual’s ow! 
cells combined with repeated determina 
of total circulating red cell volume 
veloped and evaluated in clinical and e 
mental studies of burn anemia. 

The present paper describes the te 
and the normal range of values obtain 
healthy humans. 


METHODS 


Hematocrit as per cent (Hct) and hemo 
as grams per 100 ml blood (Hgb) were detet 
by standard methods (Birkeland, 1958, b).— 

Total red cell volume (RCV) was cal 
from Het and plasma volume (PV), or i 
determined by using a modification of th 
method of Reeve & Veall (1949), 


Cr*!) was employed, the sample (5 ml of hem 
blood) activity (C..) was first determined in 
scintillation counter (Nuclear). Thereafter 5 
buffer (Reeve & Veall, 1949) was added to t 
sample and its activity (Ce in a liquid ¢ 
Miller tube (Veall, 1948) was obtained. — 
Activity of the wa 
culated as follows (expressions rounded) : 
Cré-act. (¢/min...) = CaCl 
Cy aes 


em — { 
[—h x a gin 
The factors a and b, determined experimental 
found to be 0.08 and 0.002 respectively. 


individual isotopes 


P®-act. (c/min) = 
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more samples were counted for each 

RCV was determined. 

Cr®!-survival was and 
vr°l-survival” was calculated as descri- 
nd, 1958, c). Sampling and transfusions 
ed and Balance Index (B.1.) was cal- 
eported (Birkeland, 1958, b). The B. I. 
‘oduction of red cells per day as per- 
he existing red cell volume at selected 
ssuming a normal rate of destruction 
fe span of 115+ 15 days) and with 
made for sampling and transfusions. 


determined 


| 
ON OF RED CELL PRODUCTION 


AND DESTRUCTION 
ained by using the methods refer- 
-e included red cell survival curve, 
RCV at intervals and quantities of 
emoved as samples and given as 
‘s. As described elsewhere (Birke- 
, c), the observed Cr®!-survival 
vealthy individuals with correction 
‘sampling were adequately fitted 


rst 50 days by the equations 


. t 
IN 1— 
N, ( Pits) 


_N eae) ~— 0.0133 (t-1) 
14 


‘stands for total Cr®!-activity con- 
(CV one hour after infusion of tag- 


— 0.0136 (t +1) 
e 


NN; and N, are the corresponding 
day one and on day t after infusion. 
uurves of the Ashby type (“Cor- 
4-survival”) were obtained by cor- 
| the elution process, 7. e. dividing 
fed N,-values by the exponential 
quations I and II. 

mage (or mean) red cell survival 
,e determined from survival curves 
io the methods developed by Dorn- 
11), as applied to the individual’s 


aj 
io) 


own red cells instead of transfused cells 
(Hughes Jones & Mollison, 1956). During 
a steady state (7. e. RCV constant) produc- 
tion of red cells may be estimated when the 
average survival time is known (London 
et al., 1949; Crosby et al., 1952; Mollison, 
1956) 


In major burns and other trauma patients 
studied a steady state was rarely observed. In 
burns red cell destruction curves often showed 
steeper slopes during certain periods. From 
a complete curve of this type the average life 
span was not readily determined. Red cell 
balance data indicated that the rate of de- 
struction could be different during various 
clin'cal phases. For these reasons it was found 
desireable to analyze the different phases 
separately with respect to destruction and 
production. The practical problem was thus 
reduced to analyzing separately the shorter 
periods during which the survival curve 
showed a substantially rectilinear course. 

RCV at any time will be directly depen- 
dent upon the two main factors: red cell pro- 
duction (release from bone marrow) plus 
given transfusions on the one side — and 
red cell destruction within the organism plus 
external blood loss on the other. 

Red cell turnover is defined as the total 
quantity of circulating red cells removed from 
and added to the circulatory system in unit 
time. The RCV is throughout expressed as 
volume of packed cells. The packing is de- 
fined by the hematocrit. The unit time is 
given in days. Based on the following two 
assumptions an attempt was made to estimate 
the red celi turnover in quantitative terms: 

1) The elution rate of Cr! from auto- 
transfused, viable red cells is constant from 
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the first post-transfusion day up to about 50 
days and equal to the rate observed in healthy 
controls. 

2) Destruction rate of autotransfused Cr°!- 
tagged red cells is at all times after the first 
post-transfusion day representative of the 
corresponding rate for the individual’s total 
circulating red cell volume. There must be 
no difference between tagged and untagged 
cells with respect to intracellular defects or 
age distribution. 

The following derivation is described in 
general by using k for any of the constants 
in the exponential factors in Equations I 
and II. RCV determined at selected time 
zero is RCV, and on day t thereafter it is 
RCV,. Cr®1-activity per ml of red cells is C, 
at time zero and C, on day t. t indicates the 
number of days after any selected zero time 
(at which cell survival is taken to be 100 
per cent), and t is less than 50 days. — 
A summary diagram is shown in Fig. 1. 


Estimation of red cell destruction. 


For this purpose the term destruction in- 
cludes destruction within the organism as 
well as uncontrolled external blood loss. The 
average survival time (Tm) for red cells 
during the selected period was taken as the 
main characteristic for describing rate of de- 
struction. A rectilinear survival curve during 
such a period may be extrapolated to reach 
the time axis, and the number of days elaps- 
ing from initial (100 per cent) to zero value 
may be read off from this axis as Tm. It is 
pointed out that the selected N, should be 
charted as 100 per cent and N,/e~*t as per 
cent of N, on a linear scale in order to deter- 
mine Tm graphically by extrapolation. 


QUANTITATIVE EVALUATION 
OF RED CELL PRODUCTION AND DESTRUCTION 
(P22 & Cro!) 


RCVt 


Pt | BE=RCVt-RCV6 
=Pt+Tt 


RCVo dest. 
= RCVo-RCVYI 


WRCVo" 


-&ss 


t<ca 50 days 


DAYS 


RCVg XCp~100% Co 100 % 


0 t 
QTAL DESTRUCTION: D =dxt ml. RCV 
RCVo 


a) Tm = RCV dest. * t days 
D=RCVo dest. + (T-Tt) + (pxt-Py ) 
5! . 
b) Tm from slope of: ee 


D= RENO xt +(T- Th) +(pxt-Pt) 
TOTAL PRODUCTION: P =pxt ml. RCV 
Pt = Bt- 11-7) 
a) ff Tm is within or above normal range 
P=Pt ’ 
b) Tm significantly shorter than 100 days, assumed to 
be caused by a hemolytic (random) process 


-kK. 
Plepxt TaAae Pext (Cfr text) 


Fig. 1. 


Within practical working limits, 
values were obtained on the curve in ord 
ascertain its true course. 

A RCV-determination could not bet 
at all sampling points where C, was mé 
ured. In these instances RCV, was esta 
by linear interpolation between the pre? 
ing and the subsequently determined 8 
values. —— For practical purposes 
found practicable in most instances 
data for analysis from two points onl 
at the beginning and at the end 
period). At these points RCV, as 
C, had to be determined. 

Calculations were carried out as fol 

If Cr>!-activity was lost by the proce 
elution only (1. e. no loss by aging or rame 
destruction), then N,= RCV, XG 
== RCV, XC, X e t= N, X eau 


1 two points only. If at any time, 
LV, was left of the original RCV, 
(RCV » dest.) of RCV, must have 
by any mechanism) — equal to 


ae RGWa eC, 
Vo est. =— RCV, @ ce 
| Siete V at 
Be Oe 


10) 
of production and destruction of 


cells during O—t days. 

bis expression (Equation IIT) it is 
Mt, is ‘greater than C, x ¢ **, 
raction of untagged cells was de- 
‘an of tagged ones. 

nple of significant quantity (S ml) 
Is of known activity (C,) per ml 
wed at any time (t—+t,), correction 


then became 


ced: cell survival time (Tm) was 


RCV 
. - ee, 
RCV ,dest : 


sates the volume of cells remaining 


1 


from a volume (T) of untagged 
s (Birkeland, 1958, b) given as or- 
od transfusion at any time (t—tr). 
nts the total volume present at time 
xged cells that were added to the 
1 during O—t days. 

estruction (D) of cells during O—t 
be 

ed xt 

dest + (T—T,) + (P—P,) 
under a) in Fig. 1 where 


| — a wand P= p xX t 
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ampling was included in Equation 


St 
on 


p == ml of red cells released to the circulation 
per day on the average (7.¢. true pro- 
duction). 


b) From the slope of corrected Cr*t-survival. 
If multiple points did not form a well charac- 
terized curve of the types mentioned below, 
a straight line drawn to the best fit of all 
points involved was assumed to describe the 
most correct slope. If any of the two end- 
points (N, or N,/e~*t) deviated clearly from 
this line, the line itself was extrapolated for 
determination of Tm as previously described. 

The resulting 
RCN) 
Ta 
as under b) in Fig. 1. 

Especially when a larger portion of the 
curve was included, it happened that a more 
well-defined initial slope was present of the 
type indicating an intrinsic red cell defect, 
or that the curve formed close to a straight 
line when plotted on semi-logarithmic paper, 
indicating random destruction (Dornhorst, 
1951). In these instances the Tm was also 
estimated according to the methods of Dorn- 
horst (1951). The expression for D would 
be as Equation VII with correct substitution 
for Tm. 

In this presentation values for D were 
calculated from Equation VI. 


Estimation of red cell production 
(release from bone marrow). 
From the upper right part of*Fig. 1 it is 
seen that 


* ‘ Tis 
(VIII) P,=B,—T,=B,—T (1 ae 


If no transfusion was given (T = QO), the 


6 


Pt te) GPP 
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Ne Se eee 


volume B, must be the result of untagged 
cells that were produced and not destroyed 
during O—t days, 7. e. B, equal to Py. 

a) When Tm was within normal range 
(100—130 days), none of the newly formed 
cells were destroyed by day t (as t<50 days), 
and total production during O—t days 
would be 
(IX) Beppe ot 

If Tm was shortened because of external 
blood loss, P was taken to be equal to P, — 
realizing that this might result in a slight 
underestimation of P. 

b) When Tm was significantly shortened 
and external blood loss was excluded, the 
estimation of P from P, was no longer 
straight forward. . 

If a random removal of red cells irrespec- 
tive of their age is assumed to be taking place, 
the value of P, will be more or less an. under- 
estimation of P depending on whether the 
random destruction process is more or less 
active respectively. The true production P 
should include all cells that were released to 
the circulation during t days, regardless of 
whether they were present in circulation at 
time t or not. 

Where the curve for corrected Cr51-survi- 
val clearly indicates random destruction, its 
individual values may be divided by 


t cts ” 
(1— i715? to eliminate the effect of normal 


aging. If the resulting values (representing 
the random process) fall on a straight line on 
semilogarithmic paper, the half time may be 
determined graphically and the corresponding 
exponential constant (k’) can be calculated. 
From such a set of data, P may be calculated 
as follows: 


P,=p (e7* (t-1) + en’ (t-2) + oe 
which gives: 
e7’—] 
et] 
as shown in Fig. 1 (Production, b). 
In general, when data are available forg 
vival curve, RCV, and RCV, as well 
cells removed and transfused, true pro 
(P) may theoretically be estimated 
certain conditions (example: Equation ] 
when the process which is eliminating | 
new cells (released during time O—) 
operating at a uniform rate, and this rates 
be adequately expressed numerically. 
Quantitatively, an intracellular defect cul 
not be shown to play more than. a minor 
in burns (Birkeland, 1958, d). The pos 
bility that the shortened Tm in these patie 
was largely due to a random destruti 
mechanism was not unlikely. If such ama 
sumption is accepted, P may be estimated: 


(X) P=pXt= x By 


sed, values for P, were usually very 
that the more elaborate calculation of P 
cording to Equation X) was of limited pr 
tical importance. Data on production, ¢ 
culated according to Equation IX in patie 
must be considered with this limitation 
mind. — The data in Fig. 2 were obtainé 
using Equation IX. 


REFERENCE VALUES 

Normal destruction may be expressed 
a) Tm 115 days (Birkeland, 1958, b 
or . 
Existing RCV at time zero (i. e. RO 
115 1 


| Destruction 


er value (b) is not an adequate 


| 
| 
if transfusions are given during 


undergoing analysis — as destruc- 
nsfused cells will not be included. 
sason Tm was preferred for refer- 
in patients as it depends on the 
truction only. 


production was expressed as 
Normal RCV 
115 
trol values for RCV obtained in 
lividuals (Birkeland, 1958, d) were 
ormal : 


ml/day 


les 28.5 ml per kg body weight. 
wales 25.0 ml per kg body weight. 


tiation was considerable between 
vealthy individuals with respect to 
ressed as ml per kg body weight. 
tly, the reference value for pro- 
subject to a similar wide normal 
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RESULZS 


In order to establish a normal range for 
the method, data were obtained in healthy 
controls (volunteers) according to methods 
described under a) for destruction and pro- 
duction. The raw data from 11 individuals 
are given in Table I. 

For B. W. data on production before day 
23 were excluded because a phlebotomy (290 
ml red cells) was made one day prior to 
zero time. 

These subjects are the 10 controls in whom 
Cr5!-disappearance from red cells (Equations 
I and II) was determined, and in addition 
one healthy male (G.B.) who received a 
transfusion from a patient. This patient suf- 
fered from a minor superficial burn (15 per 
cent scald), and had her red cells tagged and 
infused into the volunteer. The Cr5!-survival 
fell within normal range, and the data were 
therefore included in the control group. 

By using Equations I and II and correcting 
(Equation IV) for sampling, the calculated 
rate of destruction is in Fig. 2 expressed as 
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Table I. Data from 11 healthy controls. 


Cr®! activity RCV Observed 


Samplin 


Subject Days after : PE ae 

abe eae: C/min. T-1824- Cr®!-survival ~~ asa 

Body weight transfusion Het parumi cells as percene red ce 

BW. 72 Ke. ( 43.8 732.4 2052 100.0 20 
2 42.2 688.6 2116 97.9 29 
9 41.3 562.9 2181 82.5 25 
23 42.1 375.2 2363 59.7 46 
44 45,5 204.2 2452 Bay7 

AK IS Ke. 0 37.3 224.2 1755 100.0 2 
6 36.7 189.5 1747 83.8 24e 
De 36.7 135.6 1750 60.3 1 
44 40.8 72.0 1669 30.6 

BO 70 .he 0 39.5 260.4 1913 100.0 29 
5 39.2 224.6 1983 87.0 24 
26 38.6 130.1 1987 51.9 31 
44 42.9 75.0 1931 29.1 

a GunTG bie 0 37.5 603.2 2065 100.0 4 
5 373 532.2 2030 86.7 rs) 
26 38.0 332.0 1996 52 23 
44 38.2 224.8 1846 33.3 38 

Hib 6ieko 0 eye 2006.0 1917 100.0 40. 
35 38.6 830.0 1815 39.2 

GD. 62 Ke. 0 35.5 460.8 1463 100.0 37 
41 35.4 (7iler 1498 38.2 

C.M. 46 Ke. 0 35.2 434.4 1250 100.0 40 
38 36.7 166.9 1334 41.0 

G77 Ko: 0 43.6 1692.0 1929 100.0 44 
15 43.8 1043.0 2098 67.0 19 
33 40.0 637.0 2148 41.9 

WS 564Ken 0 ey) 2153.0 1498 100.0 25 
6 38.6 1883.0 1481 86.5 12 
11 39.4 1645.0 1501 76.6 33. 
24 38.3 1097.0 1536 bo? 16 
38 36.3 750.0 1559 36.2 12 
45 35.9 617.0 1686 B23 

0.8. 59 Kg. 0 43.5 4653.0 1745 100.0 19 
2 43.3 4290.0 1771 93.2 15 
7 39.8 3672.0 1821 82.3 17a 
16 41.9 2872.0 1789 61.6 33 
38 411 1827.0 1825 411 13 
45 44.2 1350.0 1758 29.2 

G.B. 80 Kg. 0 44.9 246.7 2238 100.0 10 
2 45.8 226.2 2351 96.1 35 
15 bas 175.7 2186 69.6 61 
ai 43.4 116.8 2232 47.2 29 
38 46.2 102.0 2214 40.9 


es 


mns g and h) and as a fraction of 
columns a and b). Calculated rate 
tion was expressed as a fraction of 


ference value (columns c and d). 
i B. I. are found in columns e and f. 
ottom of Fig. 2 mean values and 
leviation (s.d.) are listed for each 
| 

were calculated for all periods be- 
‘ two measurements up to 45 days 
sion in order to give equal weight 
iods. The spreading of the results 
to. be dependent on the length of 
‘al between the two measurements 
periods of 2—8 days duration the 
from normal were considered to 
reat for the present purpose. The 
m of the method was therefore re- 
» periods lasting 9—45 days. For 
yplication, periods of 10—20 days 
were often of great interest and in- 
he grouping of data as shown in 


4 DISCUSSION 

sted that higher values for produc- 
destruction were observed during 
>r periods. This could suggest that 
on or cell loss were greater during 
ods. However, on inspection of the 
| points, the higher values were 
be spread over the entire course of 
is. Therefore the limited number 
lations seem to be the likely ex- 
| 

inewhat higher mean value of 0.97 
(theoretical normal 0.87, range 
J) may be due to stimulated pro- 


‘aused by the repeated sampling 
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The range of obtained normal values is 
fairly wide for the shorter periods. For the 
longer ones (23—45 days) the range is re- 
duced to about half, and is not far from the 
expected variation. When Tm was obtained 
from the slope of multiple points, the normal 
range gradually decreased with the number 
of points included. Eventually, by using all 
points available, the range of Tm fell within 
99—127 days (Birkeland, 1958, c). If normal 
Tm is assumed to be 115+ 15 days, it is 
emphasized that during a steady state the 
expected normal range for production and 
destruction should be 0.87—1.13. 

When the shorter periods were evaluated 
as parts of the total curve, the general trend 
of red cell turnover in relation to clinical 
events was reasonably well described as 
shown in the following paper (Birkeland, 
1958, 2). 

The foundation of the underlying assump- 
tions in healthy subjects is as follows: The 
first assumption was derived directly from 
the observed data (Birkeland, 1958, c). The 
second assumption was based on the common 
observation that all cells in circulating blood 
show the same rate of destruction within 
accepted range (Crosby, 1954). — The role 
of these factors in pathological states is dis- 
cussed in the following paper. 


SUMMARY 

A method is described for the quantitative 
evaluation of red cell turnover in man. The 
method is based on the assumption of a con- 
stant elution rate of Chromium from intact 
red cells, and on repeated determinations of 
circulating red cell volume. Normal values 
are reported as obtained in eleven healthy 
subjects. 
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thod previously reported (Birke- 
8, a) was designed for the study 
memia as follows: 

inically to define the need for blood 
at therapy at various clinical stages. 


describe and interpret the frequent 
| 
| 


s in red cell production and de- 
is related to clinical events. 


marked anemia tendency in terms 


‘sent communication describes the 
plication of the method with a dis- 
its usefulness. A complete report 
and experimental data will follow 
(Birkeland, 1958, d). 


KTERIAL AND METHODS 


7 patients were treated according to 
lescribed by Evans (1952). 
hod used was in all details as reported 
zoing paper (Birkeland, 1958, a). Pro- 
. destruction were calculated according 
us IX and VI respectively (Birkeland, 
aless otherwise stated. — Reticulocytes 
expressed as number per thousand of 
Ils counted (3000) from a dry Brilliant 
‘slide (Ham, 1952). Total serum protein 
udy was conducted under U. S. Public 
ant H-1142 on a Research Fellowship 
at the Medical College of Virginia, 


yaration of the data was supported by 
m the Norwegian Research Council for 
1 the Humanities. 
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concentration was determined by the copper sul- 
phate method (Phillips, Van Slyke, Dole, Emerson, 
Hamilton & Archibald 1943—44). 


RESULTS 

In Tables I and II all raw data are pre- 
sented with the exception of some values for 
column d obtained at times when no RCV- 
determinations were made. Days after injury 
or after infusion of tagged cells (T. E.) are 
listed in column a. Destruction is expressed 
as ml red cells per day (column g) and as 
Tm (column hh), production as ml per day 
(column i) and as fraction of normal value 
(column j), red cell balance as B.I. (co- 
lumn k) and as ml (column 1). 

In the diagrams curve | describes observed 
Cr51-survival (7. e. N,==100 per cent and 
N, as per cent of N,). Curve 2 was obtained 
from curve 1 by correcting for Cr®1-elution 
(Equations I and II, Birkeland, 1958 a). 
Curve 3 represents determined red cell volu- 
me (RCV,) corrected for transfusions (1. e. 


minus T — )) and expressed as per 
cent of RCV,. For simplicity no corrections 
for sampling were made for any of these 
curves (1, 2 or 3) — as sampling would af- 
fect all of them to the same extent. The RCV- 
curve gives the absolute values for deter- 


mined RCV. 
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Now, if curve 2 is accepted as a true and 
representative description of the over-all rate 
of red cell destruction, then curves 2 and 3 
must show the same slope during periods 
where no production of new cells is taking 


place. — Furthermore, during a period of 
steady state, curve 3 must be parallel to the 
100 per cent horizontal dotted line. — Red 


cell balance is shown as positive and negative 
in relation to normal (i. e. B. I. = 0.87) and 
to zero value (dotted line). Production and 
destruction are charted as ml of red cells per 
day in positive and negative direction respec- 
tively with the resulting balance per day 
(i.e. production minus destruction) as 
doubly hatched areas. — O.R. stands for 
operation and + 500 for one pint of blood 
transfused. Figures in brackets are assumed 


values. 


T. E. (Fig. 1, Table 1), 54-year old 
white male. 


The patient was admitted complaining of pain 
in the chest. Dyspnea and general edema were pre- 


Ke WN RCV TE. S4yrs 
BS SS i) A09-53-71 
S 3X 
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Table IL. Red cell turnover and balance in a patient with carcinoma of the lung and nephrotic syndrome. 
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tdiac involvement was found. Carcinoma 
* was confirmed by needle biopsy. He 
lhe picture of chronic nephritis with 
yndrome showing a marked proteinuria 
| 4), fimely granulated and hyaline casts 
me. Serum protein values were low 
with A/G ratio 0.3—0.4. Blood pressure 
| first study week fluctuated around 
1 went gradually down to 170/110 at 
| discharge. Pulse rate was 70—80 per 
erature was normal or slightly sub- 
pughout. Peripheral blood showed a de- 
st and Hgb, a moderate (12,000) and 
eukocytosis and a normal differential 
i (RP: 77—81, Ko: 1—2, L: 17—19, 
| 
is measured by the P%?-technic. 

‘a indicate that red cell destruction 
intially normal as evidenced by the 
during days O—41 the slope of 


and 3 are almost identical to the 


ear aging process. 

is patient Cr>!-survival during the 
ays was expressed as activity per 
ells (spec. act.), the observed curve 
close to linear slope on semiloga- 
aper with a half-time of about 55 
h a slope would correspond to the 
rl-elution from normal red cells. 
of this type could not be properly 
4 without simultaneous RCV- 
ents. 

Iculated production was close to 
ig the first 40 days. When RCV 
60 per cent of the initial value (or 
itely 17 ml/kg) production started, 
locytes appeared in the peripheral 


son for the stop in red cell produc- 
not further investigated as the 
is not available for re-examination 


ze when the complete curve was 
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established. However, it may be noted that 
at the time when the production started, the 
edema subsided as shown by changes in 
body weight. During days 0—42 body weight 
fluctuated around 65.0 kg. On day 42 it was 
63.2 kg, day 43 — 62.3 kg, day 44 — 60.2 
kg, and later it stayed around 60 keg. A slight 
rise in PV after edema resorption was noted. 


Toy, (ig. 2, Lablell). 21-year old 
colored female. 


Four days prior to tagging of cells, the patient 
suffered a flame burn of legs and left arm of about 
7 per cent (5 per cent of third degree) of the body 
surface. 

The clinical course was essentially free from 
complications except for an unexplained spiking 
temperature during the second and third week after 


burning. 
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Table IL. Red cell turnover and balance in burns of minor (T.I.), moderately (H.] 
and very severe (M.W.) degree. 
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Table II (cont.) 
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per ml cells 
Observed 
©  Crotosurv. 


per cent 
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ifting was done, and one pint of blood 
on the 25th post burn day resulting in 
cent take of grafts. — RCV was meas- 
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ured by the T-1824 technic. Tm was obtained ac- 
cording to method b) for the periods 5—19 days 
and 29—43 days (including value for day 47). 
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Curves 2 and 3 are seen to fall practically 
on top of each other up to day 29. From that 
day om curve 3 shows an increasing RCV, 
and curve 2 indicates a normal destruction. 
The picture resembles that of patient T. FE. 
Destruction was found to be normal except 
for the period of operation where red cell 
loss was equivalent to about 1% bottles of 
blood. During the first 14 days after infusion 
(coinciding with the temperature elevation) 
no production was found, resulting in a ne- 
gative red cell balance. A similar pattern of 
red cell turnover and balance was found in 
other minor burns (Birkeland, 1958, d). 


H, E. (Fig. 3, Table I1). 58-years old 

colored male. 

This patient represents a more severe burn, of 
back, head, neck and right arm — totalling 25 per 
cent (2° & 3°). RCV was measured by the P32- 
technic. Blood was drawn for tagging 13 hours 
after burning. 


Curves 2 and 3 show essentially the same 
course throughout — indicating that curve 
2 adequately describes the course of decline 
in RCV (when the effects of transfusions are 
eliminated). The lower values for curve 3 
during days 2—12 indicate that untagged 
cells from the first transfusion were more 
rapidly destroyed than the tagged erythro- 
cytes. In Table II the Tm=— 111 days ex- 
presses the destruction rate of tagged cells, 
corresponding to 21.9 ml/day (in brackets). 
Total destruction of both tagged and untag- 
ged cells was found to be 34.7 mil/day. 

The absence of production is noted during 
the first 39 days, except for the period from 
12 to 20 days. However, this period is short 
(8 days) and also includes three transfusions 
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of untagged cells so that the value for pi 
duction is less accurate. — After day 


M.W. (Fig. 4, Table I1). 39-year 
white female. 


This patient represents a very severe but 
cause of the extent and depth of the full skint 
ness flame injury, including neck, chest, ab 
and inguinal region. Also the patient suffered 
pulmonary tuberculosis and was under trea 
with Streptomycin and PAS with a pneu 10 
toneum. A history of chronic alcoholism wa 
tained. — RCV was measured by the P#?-te 
Cells were removed for tagging 3 hrs. 40 
following burning. 


The marked early drop and relatively 
decline of the later part of curves 2 4 
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‘The difference in values for these 
'day 5 is of the same order of 


as the early drop in Cr51-survival 
n healthy individuals after infusion 
cells drawn from burn patients 
ter injury (Birkeland 1958, d). 
1 indicate an initial selective loss 
rells that were already damaged by 
ve time they were obtained from 
: for tagging. The higher level of 
| compared to curve 2 during days 
Id be explained on such a basis. 
ems to be representative of the de- 
of total RCV during the latter 


Comments 


Difficulties arose when larger volumes of 
untagged cells were transfused during the 
period under analysis, particularly when 
operations also were being performed. The 
viable fraction of transfused cells estimated 
from storage time may be more or less ac- 
curate. Even though viable, they may show 
a different destruction rate from that of the 
rest of the circulating red cell mass. The Tm 
for tagged cells may be. fairly accurately 
estimated even though an operation is being 
done. However, the loss of untagged trans- 
fused cells is also dependent on whether they 
were infused before, during or after the blood 
loss caused by operation. These limitations 
with respect to determination of destruction 
rate will be present regardless of the method 
used — unless cell survival is determined for 
each bottle of blood. Such a procedure was 
not found: practical. 

Total mass of untagged cells added to the 
circulation (B,) is determined as the differ- 
ence between red cell mass (RCV,) at time t 
and the remaining portion (RCV,’) of the 
originally tagged red cell volume at time 
zero (RCV,), cf. Fig. 1 (Birkeland, 1958 a). 
Consequently, B, is influenced by the factors 
modifying destruction of cells given as trans- 
fusions. However, the red cell balance and 
B. I. directly describe the pattern of volume 
deficit, regardless of the underlying detailed 
mechanisms of turnover disturbance. 

Of the four transfusions given to patient 
M. W. during days 27—37, two were given 
prior to and during operation and were as- 
sumed to be destroyed at the same rate as the 
Cr®1-tagged cells. Two bottles were admi- 
nistered after operation and were assumed to 
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be destroyed at a substantially normal rate. 
Patient M. W. appeared to afford the most 
uncertain evaluation of red cell turnover 
(particularly production) of all the burn 
patients studied. 

Besides illustrating the limitations of the 
method, the diagram also pictures the relati- 
vely great changes in red cell turnover and 
balance that may be encountered in severe 
burns in relation to the clinical events. 


DISCUSSION 

The usefulness of the method presented 
may be judged on the basis of the validity of 
the assumptions andi the practical applicabi- 
lity of the procedures involved. — Firstly, 
the elution rate over the first 50 days was 
assumed to be constant and equal to that ob- 
served in normals. Secondly, destruction rate 
of autoinfused Cr®!-tagged cells after the first 
day was assumed to be representative for all 
cells in circulation (Birkeland, 1958, a). 

The first assumption could be tested di- 
rectly only if destruction rate of autoinfused 
red cells were simultaneously tested by an 
independent and uniform tag of all cells, re- 
gardless of their age. Such a method is not 
available at present. Therefore, more indirect 
evidence must be looked for. 

Red cells, drawn from severe burns within 
ten hours after injury, were infused into 
healthy volunteers (Birkeland, 1958 d). After 
the first 1—2 days they showed a Cr51-sur- 
vival within normal range in four out of five 
experiments. In the fifth experiment an in- 
creased slope was noted after the 16th post- 
transfusion day. — An increased rate of Cr51- 
elution would, with the present method, yield 
falsely high values for production — and 
vice versa. From the patients presented as 


well as from others, also after infusix 
fresh, normal Cr5!-tagged cells (Birkel 
1958, d), the data gave no indication 0 
creased elution after the occasional 1 
drop (cf. M. W.). A shower elution: rate 
not be excluded. However, the low ra 
production usually encountered in 
burns is consistent with the results obtaip 
even in minor burns where increased dest 
tion was unlikely (cf. T. J.). 
From comparative studies with Crit 
ging and differential agglutination of het 
transfused cells in burn patients, Davies 
Topley (1956) found similar changes in| 
transfused red cell volume by both meth 
— By comparing survival as derived it 
Cr5!-data with those obtained by simi 
neous differential agglutination, no o 
difference from the normal uniform 
elution was found in hemolytic disor 
(Hughes Jones & Mollison, 1956). —: 
suming a uniform and normal rate of eluti 
red cell destruction has been determine( 
a variety of hemolytic anemias (Weinsi 
& LeRoy, 1953; Weinstein, Spurling, KI 
& Necheles, 1954; Read, Wilson & Gardtt 
1954; Donohue, Motulsky, Giblett, Pit 
Biroli, Viranuvatti & Finch, 1955; Jo 
McAlister & Prankerd, 1956). The result 
values were reported to be in good agree 
with clinical and hematological finding 
well as with Ashby data obtained: in ¢ 
patients of the same type. — Any poi 
evidence to show that the elution rate # 
viously changed in pathological conditiof 
unknown to the present author. 
From these considerations it is cone 
that the first assumption most likely is 41 
one for the present purpose. 


ond assumption would not be valid 
nism were treating tagged and un- 
ls in a different way with respect 
tion. Such could be the case if the 
ils were suffering from an intra- 


fect that was not present to the 
ee in the untagged population, as 
ndicated' in patient M. W. How- 
the occasional early rapid loss had 
-e, tagged and untagged cells ap- 
‘be destroyed at the same average 
me out by the diagrams presented. 
neous testing with another reliable 
ot feasible in the present studiy. In- 
» healthy volunteers of cells that 
wn from burn patients after the 
eof injury (when infection was in- 
resent, often with antibiotic resi- 
ns) was deemed decidely inadvis- 
more, as autoinfusion of cells was 
in 24 hours after their drawing, any 
‘in age distribution was negligible. 
Sions may often be disturbing fac- 
scussed under patient M. W. 


therefore be concluded that the 
sumption can only be valid as an 
ation to the true state. The obtained 
port the usefulness of this approxi- 


tion of the method proved to be 
, severely ill patients, during most 
states encountered and where 
of destruction and production were 
with time and clinical events. 

al turnover pattern varied with the 
injury and indicated a reasonable 
rion of the red cell balance changes 
observed. 
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The balance method, although laborious 
and time-consuming, was thought to be man- 
datory in order to correct for sampling and 
transfusions, both of which were of sufficient 
magnitude to influence the results con- 
siderably. 

The method is thought to be of value also 
in patients of other types (cf. T. E.), parti- 
cularly in surgical cases. — Following sub- 
stantial disappearance of the originally in- 
fused Cr®1-tagged red cells, the analysis may 
of course be extended in time by repeated 


tagging. 


SUMMARY AND CONCLUSION 


The approach used for quantitative evalua- 
tion of red cell turnover was tested in patients 
with marked disturbances in red cell produc- 
tion, destruction or both. 

The method was found to supply useful 
information for the purposes (see introduc- 
tion) which lead to its development. 
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he existence of an activator of plasmino- 
a in different human and’ animal tissues 
s first demonstrated by Astrup & Permin 
47). This activator is fairly thermostable, 
Boially at acid reaction, (Astrup & Stern- 
rff, 1956), and it differs from a labile 
ivator of plasminogen which can be formed 
blood (Millertz, 1955). 

The physiological significance of the tissue 
ivator has been discussed for some years. 
tivation of the plasminogen normally pre- 
it in the blood can only occur if contact 
established between intravascular and in- 
cellular space. However, the tissue acti- 
for is bound firmly to the structural cell 
steins and attempts by previous workers 
extract the active components and obtain 
min a soluble form were unsuccessful 
Yeischer & Loeb, 1915; Permin, 1947). 
e insolubility of the plasminogen activator 
the tissues led to the suggestion that this 
ivator was chiefly of local importance 
strup, 1954, 1956). 

Astrup & Stage in 1952 succeeded in ex- 
cting the activator from the tissues with 
SCN, which made possible a quantitative 
imation of the activator (Astrup & Al- 
chtsen, 1957). This method is of no help 
‘the understanding of its immediate avail- 
lity to the organism, since it is based on 
unphysiological procedure. 


(ie J. Clin. & Lab. Investigation 91—96, 10, 1958. 
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Saline extracts of tissues show fibrinolytic 
activity (Macfarlane & Biggs, 1948). Since 
the active agents in such extracts probably 
reflect the activity immediately available to 
the organism, we have studied the composi- 
tion of these solutions. The present paper 
demonstrates the existence of two different 
plasminogen activators in saline extracts 
from human tissues. 


MATERIALS AND METHODS 


Samples of human tissues were obtained at 
autopsy. They were investigated on the same day 
or left at —20°C after superficial cleaning with 
tap water. Only apparently normal tissues were 
analysed. 

The fibrinolytic activity was estimated by the 
fibrin plate method of Astrup & Millertz (1952), 
which estimates the cot_tent of plasmin as well as 
of plasminogen activators. By heating the fibrin 
plates for 35 minutes at 85°, the plasminogen in 
the fibrin plates is destroyed (Lassen, 1952) and 
the substrate reacts with plasmin only. Dilution 
curves were prepared by applying different con- 
centrations of the tissue extracts to the fibrin plates. 
The fibrinolytic activity was recorded as the dia- 
meter product of the lysed zones (in sq. mm) after 
20 hours digestion at 37° (average of three deter- 
minations of each dilution). 

The buffer was diethylbarbiturate buffer (Mi- 
chaelis), pH 7.8, 0.05—M, containing 0.1—M NaCl. 
Total « = 0.15. Thrombin for the fibrin plates was 
kindly supplied by the Lévens Kemiske Fabrik, 
Copenhagen. 
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RESULTS 


Activity of the extracts: 

The tissue samples were treated in a Potter 
homogenizer with 5 ml of 0.9 per cent NaCl per 
eram tissue and then shaken for 1 hour. After 
centrifugation for 10 minutes at 19000 r.p.m. the 
supernatant was collected and 5 ml of 2-M KSCN 
was added to the sediment. After shaking for 1 
hour the tissue was again removed by centrifuga- 
tion and the activities of the salt water extract and 
of the KSCN extract estimated. 

No activity was recorded when any of the saline 
or KSCN extracts were applied to the heated 
fibrin plates. Therefore the activity is not caused 
by fibrinolytic enzymes but by activators of plasmi- 
nogen, 

The results of the estimations on normal plates 
appear in Table I. 

All saline extracts from the thyroid gland, the 
kidney, the uterus, the ovary and the lymphatic 
glands were active. Activity was also found in some 
of the samples from lung, adrenal gland, muscles, 
brain and heart whereas all saline extract from 
liver, spleen and testes were inactive. It is obvious 
that the amount of plasminogen activator in the 
saline extracts differs considerably from one tissue 
to another. 

When the KSCN extracts were applied to the 
standard fibrin plates, activity was observed in all 
cases but two (liver and spleen). The activity was 


always higher than in the corresponding salin 
extract (Table I). This means that only a smal 
fraction of the total activity is present in the sal 
water and that more can be extracted with KSCN 
which is in accordance with our previous finding 
In a few cases the saline extract approached the 
KSCN extract in activity. 


Heat stability of saline extract: 


In order to characterize the activating compo 
nents in the saline extracts the stability at different 
temperatures and pH values was investigated 
the following manner: The pH was regulated te 
different values (with 0.1-n HCl, 0.1-n NaOH and 
various buffers (citrate, phosphate and borate)) 
and the samples heated for 30 minutes at 37°, 50’ 
70°. After cooling to 0° in ice water and new 
tralizing, they were applied to the plates in order 
to estimate the remaining activity (typical examples 
in Fig. 1). The activating components were most 
stable at pH values around neutral reaction at 37° 
and 50°. At 70° the activating compounds were 
most stable at acid reaction and completely de- 
stroyed at neutral and alkaline reaction. These 
curves differ from those obtained with the stable 
tissue activator of plasminogen (Astrup & Stern- 
dorff, 1956, Albrechtsen, 1956) which is stable 
acid reaction at 37° and 50°. However, the stabil 
at 70° is similar to the stability of the stabl 
activator. The curves differ also from those ob 
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Fig. 1. Heat stability of saline extracts from human tissues after heating for 30 minutes. 
Abcissa: pH of the samples during heating. Ordinate: Activity recorded as a diameter 
product (average of three determinations). 


ertz, 1955) which is completely destroyed at 
reaction (especially at 70°). The remaining 
by at 70° at acid reaction combined with the 
oe at 37° and 50° at more alkaline re- 
| indicate that the saline extract contains a 
| as well as a labile activator of plasminogen. 


| for the plasminogen activator in the blood 


| Heat stability of KSCN extract: 


ace the difference observed between the sta- 
‘Ss of the activating components in the saline 
ot and in the KSCN extract could be caused 
pntaminating proteins, 
» were carried out: 
(CN extract were prepared from human lung 
scribed above. The KSCN extract was pre- 
‘ted with ln HCl at pH 1 after diluting 8 
with distilled water. After centrifugation the 
ditate was redissolved in the original volume 
bital buffer. 5 ml of the saline extract and 
of the precipitated KSCN extract were heated 
° for 30 minutes to destroy all activity. 5 ml 
e original saline extract was then mixed with 
jeated KSCN extract and 5 ml of the un- 
d KSCN extract mixed with the heated saline 
ect. The solutions so obtained contain similar 
ints of proteins and salts, and it is therefore 
ble to compare their stability curves directly. 
stabilities at different temperatures and pH 
s were estimated as described (Fig. 2). The 
lity of the mixture of the saline extract with 
yeated KSCN extract corresponds to that ob- 
d with the original saline extract, and the 
lity of the mixture of the KSCN extract with 
ieated saline extract corresponds to that of the 


the following experi- 
A salt water extract and 


e tissue actvitaor of plasminogen. These results 
rm the conclusion that the activating 
saline extracts differ from the stable 


com- 
ds in 
2 activator of plasminogen. 


2paration of the activating compounds 
in saline extracts 


We activity remaining at acid reaction in the 
2 extracts (especially at 70°) indicates the pre- 
- of small amounts of the stable tissue acti- 

in these solutions. This was confirmed as 


aS". 
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Fig. 2. Heat stability of a saline extract (A) and 
a KSCN extract (B) from the human lung (for 
details see text). Abscissa and Ordinate: see Fig. 1. 


3005 ACTIVITY ACTIVITY 


200 


100 


Ee aR EO) 


Fig. 3. Heat stability of saline extract from the 

human uterus before (A) and after (B) heating 

for 30 minutes at 37° and pH 3.0. Abscissa and 
Ordinate: see Fig. 1. 


I. A saline extract prepared from human uterus 
was divided into two portions. In the first portion 
the activator stability was estimated as described. 
The second portion was adjusted to pH 3.0 with 
I-n HCl and heated for 30 minutes at 37°. After 
neutralization the stability of the remaining acti- 
vity was estimated (Fig. 3). The stability curve 
obtained after heating corresponds to the curve 
obtained for the stable tissue activator of plasmi- 
nogen and differs from that obtained with the ori- 
ginal extract. These results indicate that a labile 
component in the salt water extract is destroyed 
by heating at pH 3.0°, 
mains in the solution. The results confirm the con- 


while a stable activator re- 


clusion drawn that the saline extract contains two 
different activators of plasminogen. 

II. Saline and KSCN extracts were prepared 
from human thyroid gland as described above. The 
IKSCN extract was precipitated with I-n HC! and 
barbital buffer as described. The 
activities of the saline extract, of the precipitated 


redissolved in 


KSCN extract and of a mixture of equal amounts 
of these two extracts were estimated and the acidity 
of each of these three solutions adjusted to pH 3 
with I-n HCl. The solutions were placed in a water 
bath at 37° and samples were removed every 5 
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Fig. 4. Heat stability of saline extract (A) and 

a precipitated KSCN extract (B) and a mixture 

of these (C) after varying periods of time at 37° 
and pH3 (human thyroid gland). Abscissa: 
Heating time in minutes. Ordinate: Activity. 


minutes, neutralized, cooled to 0° im ice water and 
applied to the standard plates in order to estimate 
the activity remaining (Fig. 4). The activity of 
the precipitated KSCN extract was constant during 
the period of heating whereas the activity of the 
saline extract decreased to a certain level within 
the first 5 minutes and then became stable. The 
curve for the mixed solution was similar to the 
curve for the saline extract alone but the stable 
level had a higher activity corresponding to a 
higher concentration of the stable activator in this 
mixture. These results demonstrate the existence 
in the saline extract of a labile compound which is 
destroyed after 5 minutes heating at pH 3. The 
activity recorded after 5 minutes heating is caused 
by the existence of a stable compound remaining 
in the extract. Similar compounds are found in the 
mixed solution, but the precipitated KSCN extract 
contains only the stable activator. 

Ill. This was further substantiated by the fol- 
lowing experiment: Saline and KSCN extracts 
were prepared from the thyroid gland as described. 
The KSCN extract was precipitated as described 
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Fig. 5. Heat stability of mixtures of extracts of 
human thyroid gland (for details see text). 


Abscissa and Ordinate: see Fig. 4. 


and the precipitate redissolved in the origif 
volume of barbital buffer. 2.5 ml of the salit 
solution and 2.5 ml of the precipitated KSCN sol 
tion were heated to 70° for 30 minutes, cooled am 
mixed with 2.5 ml of the original precipitatec 
KSCN solution and the original saline extra 
respectively. Samples were removed for activity 
estimations. The acidities were then adjusted 
pH 3 with l-n HCl and the solution placed in % 
water bath at 37°. Samples were withdrawn eve 
5 minutes, neutralized, and the activities estimate 
(Fig. 5). The curves are similar to those recorde 
in Fig. 4 indicating that labile and stable activator 
are present im the saline extract but only a stabl 
activator in the precipitated KSCN extract. 


DISCUSSION 


Macfarlane & Biggs (1948) demonstratet 
fibrinolytic agents in saline extracts from 
different human tissues, especially the humat 
lung. Fant! & Fitzpatrick (1950) found ai 
activator of plasminogen in saline extract 
of the human brain and they suggested tha 
the ease with which the brain yields the act 
vator (as contrasted to other organs) wa 
possibly due to a solubilizing effect of th 
phospolipids. Astrup & Sterndorff (1952 
found an activator of plasminogen in salin 
extracts from the human lung (and also i 
pig brain). These results and those her 
presented might be of aid in the understan 
ing of the significance of the a 
activity in tissues. A saline extraction 1 
closer to a physiological process than extrac 
tion with KSCN. The existence of a labil 
activator of plasminogen (corresponding t 
the activator found in the blood) in salin 
extracts from certain human tissues make 
it conceivable that this activator could be re 
leased into the blood stream under certai 
conditions, thus activating the plasminoge 
in the plasma. 
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ble I: Fibrinolytic activity of saline 
iets of human tissues compared with the 
nity of the KSN extract of the insoluble 
lue remaining after the saline extraction. 
pity recorded as diameter product (mm?) 
of the stock solution. 


Saline extract KSCN extract 


| (0,0, 182, 210, 529 110, 144, 306, 525, 576 
‘oid 108, 120, 625 266, 400, 835 

id 

t 0, 0, 0, 0, 196 156, 225, 235, 270, 400 
» 81, 0, 105 169, 195, 205 

He 0, 0, 0 0, 55, 142 

‘n 0, 0,0, 0 0, 100, 110, 144 

ey 80, 81, 140 225, 266, 370 

Is 0, 0, 0, 0 120, 150, 156, 200 

as 306, 626 529, 961 

ye Si oe 

les 64, 0, 136, 0 144, 190, 284, 324 
yhatic 245, 256, 361 336, 535, 576 

wd 

nal 0, 120, 164, 400 155, 196, 540, 770 


he relationship between the stable and 
abile activators in the tissues is unknown. 
presence demonstrated here of large 
unts of labile activator in saline extracts 
1 tissues known to contain large amounts 
ne stable activator (Albrechtsen, 1957) 
is further investigations. This applies 
to the great variability in the concentra- 
of available activator in the saline ex- 
s of the same organ as demonstrated in 
le I. The degree of autolysis in the tissues 
stigated could be of importance for this 
ability by making the activator more or 
extractable. 
here is reason to believe that the activity 
he saline extracts refllects the immedi- 
availability of the plasminogen activator 
he organism. 
nall amounts of blood may persist in the 
es and thus furnish an activator of the 
e type. The moderate concentration of 


this activator in post mortem blood (Mil- 
lertz, 1953) combined with the high dilution 
of these components in the tissue extracts 
make it improbable that the labile activator 
in the saline extracts originates solely from 
the blood present in the organs. 


SUMMARY 


1. Saline extracts from different human 
organs (thyroid gland, kidney, uterus, ovary, 
lymphatic glands, lung, adrenal, muscles, 
brain, heart) contain fibrinolytic activity. 

2. This is caused by two different activa- 
tors of plasminogen. 

3. One activator is labile and corresponds 
to the plasminogen activator in the blood, the 
other is stable and corresponds to the stable 
tissue activator. 

4, There is reason to believe that the acti- 
vity in the saline extracts reflects the imme- 
diate availability of the plasminogen activator 
for the organism. 
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(Received for 
‘he occurrence of glycolipids in blood 
sma and their physiological importance 


e been subject to a few investigations 
7. In 1938 Kirk (1938 a) reported figures 
the content of cerebrosides in normal 
sma. The cerebroside level varied between 
nd 167 mg/100 ml in 13 normal cases. 
a material of 14 patients with pernicious 
mia the variations greater still 
irk, 1938b). Erickson, Souders, She- 
rd, Teague & Williams (1940) found a 
siderably lower normal value for cerebro- 
ss, 15 mg/100 ml; 
“e not reported, however. 

shese investigators determined the cere- 
side content in plasma by analysing the 


were 


the individual figures 


ucing power in a lipid extract before and 
hydrolysis. The increase in the reducing 
ver after hydrolysis was suggested to be 
to sugar, released from cerebrosides. As 
reducing methods are unspecific, they are 
uitable for the determination of low con- 
trations of cerebrosides, which is obvious 
. from the large variations found by Kirk 
38a, 1938b). A lot of substances of a 
‘molecular weight are extracted together 
h the lipids (Folch & Van Slyke, 1939) 
| it is unknown, whether their reducing 
ver is unchanged after hydrolysis. Lipids 
er than cerebrosides containing reducing 
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substances, e. g. gangliosides, also contribute 
to the reducing value. 

In order to study the cerebroside level in 
certain hematological and reticuloendothelial 
diseases, it was thus necessary to elaborate 
a more specific method for quantitative esti- 
mation of cerebrosides. We have applied a 
modification of the method adopted by one 
of us (Svennerholm, 1956) for the estima- 
tion of cerebrosides in nervous tissue. As the 
lipid extract was also to be used for the deter- 
mination of other lipid components in plasma, 
the extraction procedure was made quantita- 
tive for all the lipids. 


EXPERIMENTAL 
Reagents and apparatus 


Orcinol reagent. 100 mi of concentrated sulphuric 
acid was added under cooling in running water to 
4 ml of a 5 per cent orcinol solution in water. The 
reagent was made at least 15 hours before use to 
reduce the blank color. In other respects the rea- 
gents and apparatus of the previous study were 
used (Svennerholm, 1956). 

All glass-ware and needles used for the sampling 
of blood were siliconized. 


Method 


Plasma sampling. The blood samples were drawn 
from the subjects in the morning — after a fast 
of approximately 10 hours — into centrifuge tubes 


containing 5 ml of 3 per cent sodium citrate to a 
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final volume of 50 ml. At the same time the hema- 
tocrit value was determined in order to allow cal- 
culation of the plasma dilution. The blood was 
centrifuged immediately at 1500 r.p.m. for 30 
minutes at +-4° C. The plasma was separated’ and 
recentrifuged for 30 minutes, now at 3000 r. p.m. 
to remove remaining cells. 10 ml samples of plasma 
were pipetted in 250 ml ground flasks, 5 ml of 0.2 
M phosphate buffer, pH 6.0, was added and the 
content was lyophilized. (The addition of phosphate 
buffer can be omitted, when only cerebrosides are 
determined.) 

Lipid extraction. The lyophilized plasma was 
boiled under reflux with 50 ml of chloroform- 
methanol (2:1 v/v) for 30 minutes. The extract 
was filtered into a clean, ground flask and the 
protein precipitate rinsed three times with 10 ml 
of the extraction solvent. The solvent was evapo- 
rated in vacuo and the residue dissolved in 10 ml 
of the solvent mixture and filtered into a graduated 
cylinder of 25 ml equipped with a ground glass 
stopper. The flask was rinsed three times with 2 
ml of the solvent and, finally, the volume adjusted 
exactly to 20 ml with chloroform-methanol. 5 ml 
of 0.1 per cent sodium chloride solution was added. 
The glass stopper was moistened with distilled 
water and the cylinder shaken vigorously for one 
minute and then left for 48 hours. Two phases then 
appeared. The upper phase was removed with a 
ballooned pipet and discarded. The cylinder wall 
was rinsed three times with 2 ml of the upper phase 
from a mixture of 800 ml chloroform-methanol 
(2:1 v/v) and 200 ml of 0.1 per cent sodium chlo- 
ride, the rinse solution being removed after each 
washing. The content of the cylinder was then 
transferred to a large Thunberg tube and the sol- 
vent evaporated in a stream of air at 40° C. If other 
lipid components also were analysed, the volume 
was made up to 25 ml with chloroform-methanol 
(2:1 v/v) and a aliquot of 20 ml was used for 
the determination of cerebrosides. 


Hydrolysis. The lipids were dissolved in 0.5 ml 
of ethanol and 2 ml of 3 N sulphuric acid was 
added. Hydrolysis was performed for two hours 
in a boiling water bath. After cooling to room 
temperature the hydrolysate was filtered through 
an acid-washed filter paper into a 10 ml cylinder. 
The hydrolysis tube and the filter were rinsed with 


3 N sulphuric acid and finally the volume was 
adjusted to 10 ml with the acid. 


Color reaction. It was performed as described 
in the original method (Svennerholm, 1956). 


COMMENTS ON THE METHOD 


1. The method was adopted for plasma 
instead of serum as a release of lipids may 
occur from the blood cells during the coagu: 
lation. Sodium citrate is chosen as an anti- 
coagulant, as heparin ought to be avoided; 
it might form water-soluble complexes with 
the lipids, ¢. g. free fatty acids and phospho- 
lipids. It was also observed that the separa- 
tion of the two phases was delayed by 
heparin. 

2. To achieve a quantitative extraction of 
all the lipids it is necessary to use a stro 
polar solvent as, otherwise, a part of the free 
fatty acids and phospholipids is not released 
from the proteins. The common Bloor extrac 
tion does not give a quantitative extraction 
of the glycolipids in nervous tissue (Brante 
& Svennerholm, unpublished results). Me 
thanol-chloroform mixtures, however, are 
suitable for the extraction of glycolipids and 
in combination with partition technique the 
extract can also be practically freed fro: 
non-lipid material. The plasma is lyophiliz 
before the extraction to reduce the solven 
volume. P 

3. In the partition procedure the lipids 
including the cerebrosides are distributed in 
the lower (chloroform) phase andi the non- 
lipid material in the upper (water) phase. 
Gangliosides and a group of closely related 
glycolipids also occur in the upper phase 
(Svennerholm, 1956; unpublished results). 

To prove that the chloroform phase of 


le I. Recovery of added cerebrosides 
to lipid extracts of plasma 


prosides |Cerebrosides | Cerebrosides 


blasma added found Recovery 
ng me mg per cent 
4.357 0.524 0.908 105 
((4)1 
1.357 1.048 1.437 103 
((4)4 
».474 0.731 1.207 100 
‘ >) 

474 1.462 1.840 93 
(5)! 


Number of analyses. 


na lipid extract contains cerebrosides, the 
ition procedure was applied on samples 
liters of plasma. The chloroform phase 
freed from phospholipids with magne- 
1 trisilicate. Cholesterol, cholesterol esters 
glycerides were removed by repeated 
ipitations with acetone. In other experi- 
ts the procedure of Klenk & Leupold 
14) was used to eliminate the phospho- 
s. The yield of purified material, calcu- 
1 from the sugar analysis, was about 50 
cent. The ratio nitrogen/hexose was 1.1. 
aper partition chromatography, galactose 
identified on the hydrolysed material. 
he partition of the glycolipids between 
-wo phases was tested by adding prepara- 
3 of brain cerebrosides and gangliosides 
pid extracts of plasma. The recovery of 
dl cerebrosides was from 95—105 per 
(Table I). An addition of 0.5 and 1.0 
of gangliosides to 10 ml of plasma did 
give any significant change of the cere- 
ide content. However, the standard error 
ie method is so large (see below) that 
yr differences cannot be detected. 
9 avoid the passage of fatty acids in the 
1 of soaps to the water phase, the pH of 
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plasma is lowered by adding phosphate buf- 
fer before lyophilization. The lower phase is 
then suitable for the analyses of all lipids in. 
plasma, except gangliosides and related gly- 
colipids. At the analysis of total lipids, the 
loss of the gangliosides will give a negative 
error, but this is negligible as they constitute 
only about 3 mg/100 ml. 

4. In the original method distilled water 
was used to rinse the hydrolysis tubes and 
the filters. When this procedure was applied 
the filtrates became opalescent because of the 
large amount of lipids in the hydrolysates. 
(The ratio cerebrosides/total lipids is much 
lower in plasma than in nervous tissue.) By 
rinsing with 3 N sulphuric acid instead of 
water no opalescence occurred. The sulphuric 
acid concentration of the orcinol reagent was 
then reduced correspondingly to achieve op- 
timal acidity in the color reaction. 

5. The accuracy of the method was esti- 
mated from 16 consecutive determinations of 
the cerebroside content in plasma. The mean 
value was 4.31 mg/100 ml and the standard 
deviation + 0.421 mg/100 ml, which means 
a standard error of + 9.8 per cent. This 
error includes errors originating from the 
extraction, the partition, the hydrolysis and 
the color reaction. The two latter steps give 
the largest error, as the standard deviation 
was + 7 per cent when 10 samples of the 
same lipid extract were hydrolysed and the 
amount of cerebrosides determined. The 
standard error reported here is considerably 
larger than that earlier reported for nervous 
tissue (Svennerholm, 1956). The concentra- 
tion of cerebrosides in relation to other lipids 
is, however, many fold lower in serum than 
in nervous tissue. Also the total amount of 
cerebrosides is too low for more accurate 
analyses. 


100 


APPLICATION OF THE METHOD 


Normal values were determined in plasma 
from 25 persons, 21 men and 4 women, aged 
28—82, the majority being between 50—70 
years. The subjects were hospitalized in the 
Medical Clinic II, Sahlgren’s hospital. All 
had normal blood values and no other signs 
of hematological disease. The mean value was 
4.36 + 0.18 mg per 100 mil. 

The values found in this investigation are 
many fold lower than those previously re- 
ported (Kirk 1938a; Erickson, Souders, 
Shepherd, Teague & Williams, 1940). The 
discrepancy may partly be explained by the 
existence of water-soluble glycolipids in 
plasma. In many other sources there are 
glycolipids which contain more carbohydra- 
Klenk & 
Lauenstein (1953) have shown the existence 
of glycolipids other than cerebrosides in the 
red blood cells and the spleen. The best 
known of these are gangliosides (Fig. 1). 
But there are also intermediate forms be- 
tween cerebrosides and gangliosides which 
contain hexoses and hexosamine or only 


tes than do the cerebrosides. 


hexoses. 


fatty acid 
sphingosine 


fatty acid hexose 


| 


sphingosine hexose-acetylhexosamine 
hexose sialic acid 
cerebroside ganglioside 

Bie. 


Because of their large content of carbo- 
hydrates they are more or less water-soluble, 
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e.g. gangliosides are quantitatively part 
tioned in the upper phase in the partitio 
procedure (Svennerholm, 1956). 

In human plasma we found a gangliosid 
content of 2.5 mg per 100 ml (Svennerhola 
& Svennerholm, 1956). As the reducim 
value of gangliosides is twice that of cerebr 
sides this amount corresponds to 5 mg pé 
100 ml. It is probable that there are als 
other water-soluble glycolipids, even thoug 
we have not been able to show their ex 
istence. 

Besides the glycolipids, non-lipid bount 
reducing substances are extracted with o 
ganic solvents. This observation was mad 
already by Kimmelstiel (1929). Thereforé 
he determined the reducing ability of the lipi 
extract before and after hydrolysis, and co 
sidered the difference as lipid-bound suga 
He did not account for any increase in th 
non-lipid reducing substances after hydroly 
sis. This is contradictory to our findings. Th 
upper phases from several samples of plas 
lipid extracts were combined and evaporate 
im vacuo to dryness. The glycolipids we 
extracted with dry chloroform-methano 
(2:1 v/v). On the residue of non-lipi 
material the reducing ability was 10—25 pe 
cent greater after hydrolysis than before. It i 
therefore probable that non-lipid material 
have contributed to the values of cerebroside 
in earlier investigations. 


SUMMARY 


A method for the quantitative estimatiot 
of “true” cerebrosides in plasma is describe 
and discussed. The extraction procedure o 
the cerebrosides applied is also convenien 
for the analysis of the other lipids in plasmz 


the mean value of cerebrosides in plasma 
} determined to 4.36 + 0.18 mg per 100 
'This value is many fold lower than the 
ires previously reported, the reasons for 
ch are discussed. 
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IRON DEFICIENCY AND TREATMENT IN BLOOD DONOK® 
STUDIED BY THE IRON ABSORPTIONS 


By H. HE{ST@ and O. P. FOSS 


From the Blood Bank and Central Laboratory, Ullevél Hospital, Oslo, Norway 


(Received for publication November 9, 1957) 


The purpose of this investigation was to 
determine whether it is desirable to give ad- 
ditional iron to regular blood donors in this 
institution. With this in mind, an attempt was 
made to establish whether they could be 
shown to suffer from any iron dificiency, and 
if so, how early in their careers as blood 
donors the sideropenia could be demon- 
strated, and to what extent it could be cured 
by the administration of iron by mouth. In 
addition to this an attempt was made to eva- 
luate relatively the fasting serum iron deter- 
mination and the iron absorption test as 
criteria of iron deficiency. 

From theoretical calculations of iron intake 
and loss in blood donors, it appeared prob- 
able that sideropenia would gradually de- 
velop. A male who is not a blood donor nor- 
mally loses or excretes a total of 0.5 to 1.5 
mg of iron per day (Moore & Dubach, 
1956; Sturgis, 1955; Whitby & Britton, 
1953), and this must be replaced by absorp- 
tion of the same quantity from the diet. An 
average day’s diet contains approximately 
12—15 mg of iron, of which it is calculated 
that the individual can absorb 5—15 per 
cent, that is 0.6—2.25 mg (Moore & Du- 
bach, 1956; Sturgis, 1955). A male will 
therefore usually replace his physiological 
iron loss from his normal diet. A woman, 


during menstruation, an average of approxi 


however, loses 10—40 mg of iron each month 


mately 1 mg a day, so that her total iron 
requirements are about 2 mg daily. The iron 
balance therefore, in human males provides 
a narrow margin on the positive side, where 
as in women the balance will often f 
negative. 

A blood donor who, as in this institutior 
gives 450 ml every three months will lose a 
additional quantity of iron amounting to 2.5 
mg per day. Donors’ iron requirements are 
raised, therefore, in men to approximately 
3.5 mg per day and in women to approxi 
mately 4.5 mg per day, which is in both case 
more than they can be expected to absorb 
from a normal diet. Such a donor will, a 
cording to these calculations, develop an iror 
deficiency, in the case of a female in the re- 
productive period of life to the extent of 
225 mg in 3 months, in the case of a male, 
of 135 mg. These deficits must be covered 
by the administration of additional iron b 
mouth. 

In a number of recently published in- 
vestigations (Bateman, 1951; Bergmann & 
Vogl, 1956; Goldeck & Remy, 1952; Gold 
eck & Remy, 1953; K6lwel, 1952; Moller, 
1952; Moller & Jiirgens, 1952; Remy, Gold- 
eck & Kruger, 1952) it has been shown that 
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| 
theoretical considerations did in fact 


slop. Iron deficiency has been demon- 
Led even in blood donors who have given 
nore than 1300 ml per year (Hollander 
tampfli, 1956). In the earlier stages such 
ropenia is only demonstrable by means 
he iron absorption test, and not until it 
iuch further advanced can it be expected 
eveal itself by a significantly low serum 
concentration. The hemoglobin concen- 
ion in the blood will, as a rule, only begin 
lrop when the body’s iron depots are 
pletely or almost completely exhausted 
silmeyer & Begemann, 1951; Jasinski, 
I; Jasinski & Roth, 1954; Roth, 1950; 
mngle, 1957). 

: recognition of these facts the hemoglobin 
re alone should not be relied upon to 
rmine the suitability of a person as a 
d donor (Wachsmuth, Lutzeyer & Hein- 
, 1953), and the necessity of giving extra 
-even to a donor with a normal hemo- 
in value should be realised (Bergmann 
‘ogl, 1956; Hollander & Stampfli, 1956; 
ty & al. 1952; Remy & Zockler, 1956; 
ty, 1941). Matthes & Kramer (1956) 
= shown that even with the addition of 
g of iron during the period between 
ations, in the form of iron combined with 
tbhic acid, sideropenia can result from the 
ations im cases where 400 ml or more are 
n at intervals of 6—8 weeks. 


METHODS 


| the present investigation the hemoglobin de- 
inations were performed with a Sicca hemo- 
r, standardized by comparison with the cyan- 
emoglobin method, and hematocrit determina- 
with Wintrobe hematocrit tubes which were 
ifuged for 45 minutes at 3500 r.p.m. Serum 


isideropenia which was expected from . 


iron determinations were performed as described by 
Brochner-Mortensen & Olsen (1940), and iron 
absorption tests as described by Jasinski & Roth 
(1954) with 176 mg of iron in the form of 1.6 g 
of ferrous gluconate (8 tabl. Ferronicum Sandoz) 
by mouth. Each test began at 8.30 a.m. when the 
sample for determination of the fasting serum iron 
concentration Immediately thereafter 
the subjcet was given the test dose of iron. The 
subsequent blood samples were taken at 9.30 a.m., 
11.30 a.m. and 3.30 p.m. After withdrawel of the 
9.30 a.m. sample the subject was allowed to eat 
a normal meal. 


was taken. 


Iron treatment, when given, was always in the 
form of a course of 100 tablets ferrosi chloridum 
0.267 g (Tabl. Ferrali forte “Nyco”) over a period 
of 17 days. The iron absorption tests, when per- 
formed after a course of iron treatment, were per- 
formed at least 5 days after the conclusion of the 
treatment period. 


INES UNL ANS 

As a preliminary, iron absorption tests 
were performed on 9 blood donors who had 
given from 1000 to 3150 ml blood in the past 
2 years, and on 5 donors before their first 
donation (normal controls). The iron absorp- 
tion curves for these 14 individuals are shown 
in Fig. 1, and some other hematological ob- 


servations in the same subjects appear in 
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Fig. 1. Iron absorption tests on 9 blood donors 


who had given from 1000 to 3150 ml in the past 
2 years and on 5 donors before their first donation 
(normal controls). For additional observations 
see Table I. 
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Table I. Hematological observations in blood donors and controls. 
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fa 

D = 

oles e) 
s°] 2) a 
’ @ 5, = 2 & 
Name Sex Age in ape Sos 
years oO =o 

OT 

S GED 
= Mra 


laijdale M 35 2,700 9.22 
R. B. FE 42 2,700 4.81 
als M 47 2,700 4.84 
Lee F 34 3,150 4.38 
P.M. F 33 2,000 4.59 
13s Ge M 40 3,150 4.44 
A. W. F 28 3,150 4.97 
‘GaiS: F 555) 2,290 4.62 
118} Ig) 40 1,000 4.40 
tale 1a) es; 0 4.94 
I. W.K. M 28 0 Sell! 
Je es M 27 0 4.66 
OOPat M oo 0 2:29 
Es M 26 0 4.90 


Table I; With 3 exceptions (1. B:, By WJ: 
and J. E.) the hemoglobin values were above 
the permitted minimum for blood donors in 
this institution, namely 13.8 g/100 ml for men 
and 12.4 g/100 ml for women. Of these 3, 
2 were donors and 1 a normal control. 

The fasting serum iron concentration of 
the blood donors varied between 50 and 185 
y per cent with an average of 104 y per cent. 
The fasting serum iron concentration of the 
normal controls varied between 90 and 176 y 
per cent with an average of 128 y per cent. 
There was no significant difference between 
the observed values in these two groups when 
tested by the t-test. 

The in the 
serum iron concentration varied in the blood 
donors between 68 and 364 y per cent, with 
an average increase of 206 y per cent, while 


maximal observed increase 


the increase in the normal controls varied 


Serum iron concentration 7 
during test 
(y per 100 ml) 


Fasting | Maximal 
I observed 
Il 


Hemoglobin 

(gm per 100 ml) 
Mean corpuscular 
hemoglobin (yy) 


15.0 28.7 
15 28.1 
14.4 29.8 
12.8 29.2 
WAG) 27.7 
12.4 27.9 
Uy 26.4 
12.8 Medi 
eeZ 27a 
13.6 21 90 182 92 
14.9 27.0 176 286 110 
13.4 28.8 158 238 80 
14.5 27.4 112 188 76 
14.5 29.6 103 LAL 169 


between 76 and 169 y per cent, with an avet 
age increase of 105 y per cent. When testé 
by the t-test the maximal observed increas 
in these tw 
groups showed a significant difference at thi 
5 per cent level. 


in serum iron concentration: 


Two of the normal controls thereafté 
started to donate blood and gave 500 
blood (iron absorption tests included) 
intervals of approximately 3 months. Befor 
each donation hemoglobin and hematoeri 
determinations, red cell counts and iron ag 
sorption tests were performed, and the mea 
corpuscular hemoglobin content was calew 
lated. The hemoglobin concentration, re 
cell count and mean corpuscular hemoglobi 
content remained practically constant duril 
the experiments, but after a few donation 
the iron absorption curves showed marke 
alterations. , 


| 
| 
| 


e curves of I. P. are shown in 
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Phe subsequent test on August 
957 indicated that the 
were. still depleted, and 
es decided that further treat- 
was advisable. By mistake she was al- 


iron 


5 


i to donate again at this time, but in 
of this, after her third course of treat- 
the iron absorption test on November 
5/ resulted in a flatter curve, similar to 
riginal one of May 28, 1956, indicating 
she had once more built up her reserves 
vn. 

¢ curves of J. E. are shown in Fig. 3, 
lemonstrate that the rise in serum iron 
onsiderably greater after the second and 
donation than in the first two tests. 
ter the first absorption tests, 


Time in hours 


Fig. 2. Iron absorption tests on blood donor I. P. 
before her first donation and after blood donations 


and iron treatment. 


course of iron treatment a second test was 
performed without a significant alteration in 
the shape of the curve. As this subject had 
previously donated blood on about 35 occa- 
sions, a further course of iron treatment was 
given on the supposition that the dosage had 
been insufficient. Following this, on August 
27, 1956, the iron absorption test showed a 
greatly flattened curve. A third course of iron 
treatment was then given, and the subsequent 
test on October 12, 1956 resulted in a simi- 
larly shaped curve. This subject now began 
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Fig. 3. Iron absorption tests on blood donor J. E. 
before his first donation and after blood donations. 
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Fig. 4. Iron absorption tests on blood donor H. H. 
For further explanation see Table I and text. 


again to give blood at 3-monthly intervals, 
with an iron absorption test before each dona- 
tion. It was remarkable that, although it must 
be assumed that the iron depots were full on 
October 12, 1956, after only one donation the 
iron absorption test showed an increased up- 
take, and this became more marked with each 
further donation. In order to ascertain. that 
the changes in the curves were reproduce- 
able and had not occurred by chance, a fur- 
ther test was performed on August 14, 1957, 
after a 13 days interval in which there was 
no further blood donation or iron treatment. 
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Fig. 5. Iron absorption tests on blood donor L. G. 
For additional data see Table I. 
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The results was strikingly si 

to that of August 1, 1957. 
Another noteworthy observats 

in this subject is that as the ire 


Oct.12,1956 


246 iron concentration decreased, 
only began to rise again when 
resumption of blood donations on 
more depleted the iron depots. 

eae Figs. 5 and 6 also show absor 
aa tion curves from blood donors: 


were re-examined after iron tre 
Both had a lower fastin 
serum irom after treatment 
before, while the absorption cut 


ment. 


clearly show the change in shape whid 
characterises filling of the depots. 


CONCLUSIONS 

The following conclusions can be draw 
from this investigation : 
1. Blood donors should be given additioné 
iron from the very first donation. 

2. Determination of the fasting serum in 
concentration appears to be an unrel 
able test of the state of the individ 
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Fig. 6. Iron absorption tests on blood donor B. 
For additional data see Table I. 


jurement of the amount of iron in transit 
‘within the body. 

|The iron absorption test appears to give 
ia reliable indication of the degree of fil- 


‘ling of the iron depots. 


SUMMARY 
‘on deficiency and the effect of iron 
tment are studied in blood donors by the 
absorption test. It is concluded that 
d donors should be given additional iron 
1 the very first donation, and that the 
rmination of the fasting serum iron con- 


ration appears to be an unreliable test 
he state of an individual’s iron depots, 
reas the iron absorption test appears to 
- a reliable indication of the degree of 
1g of the iron depots. 
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A SIMPLE ClLANICAL NEE TRO DS RO ae lela: DETERMINATIO® 
OF SALAZOPYRIN GZGELEIDINE SINS 2 Raw 
By L.-E. BOTTIGER 


From the Department of Clinical Biochemistry and the Department of Internal Medicine, 
Karolinska Sjukhuset, Stockholn, Sweden 


(Received for publication October 16, 1957) 


During clinical trials with new compounds 
of sulfa drugs of the type Salazopyrin 
(salicyl-azo-sulfa-pyridine, NNR Azulfidine ) 
for the treatment of ulcerative colitis, there 
has been need of a simple method for assay 
of salazopyrin in serum. Earlier, von Porat 
(1944) has published two methods. One of 
these, however, has a high blank value and 
can not be used in the presence of jaundice 
or hemolysis, the other is rather elaborate 
and time-consuming. 

The methods are based on the strong 
orange color of salazopyrin in alkaline 
solution. The difficulty has been to eliminate 
or compensate the color of serum itself. It 
has now been found that the simplest way 
is to acidify one portion of the serum, fol- 
lowing which the salazopyrin is decolored 
and the acid serum sample may be used as 
a blank in colorimetric measurements. A pre- 
requisite is, of course, that serum has the 
same optical density at alkaline and acid re- 
action. This is demonstrated by the finding 
of an average difference of 001 between the 
optical densities in alkaline (pH > 11) and 
acid (pH = 1.3) solution for 30 serum 
samples, selected at random. This difference 
is not statistically significant. A difference 
of the same order of magnitude ts found 
with sera that show moderate hemilysis, as 
well as with icteric sera with icterus index 
(Meulengracht) up to 1:60 (Table I). 

Salazopyrin in alkaline solution has its 
maximal optical density at 455 mp. The dif- 
ference in optical density between alkaline 
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Table I. Optical density of icteric sera @ 
alkaline and acid reaction. 


Icterus index Ee | E ia | E ate. 
Lakh) 0.38 0.41 —()'03 
ee 0.34 0.35 —0.01 
1:24 0.47 0.49 —0).02 
133 0.76 0.75 +0.01 
1:60 1.47 1.50 —0).03 


Average difference 0.02 


and acid solution also has its maximum ai 
this wavelength (Fig. 1). The optical den 
sity of a serum solution of 1 mg per cent 
salazopyrin. at alkaline reaction (Beckman 
B, 1 cm cuvette) at 455 my has been found 
to be 0.57. 


590 400 450 $00 


$50 my 


Fig. 1. Absorption curves of 10 mg per cent salazo- 
pyrin at pH > 11 (——) and pH = 1.3 (~——)j 
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} ml serum is diluted with 4.0 ml 0.1 N NaOH 
the optical density is determined at 455 my 
Beckman B photometer (1 cm cuvette) against 
ank of 1.0 ml serum diluted with 4.0 ml 
N HCl. 


CALCULATION 


x 0 57% 5=E x 8.80 mg per cent salazo- 


That different concentrations of salazopyrin give 
a straight line of optical density is shown in Fig. 2. 

When 10 mg per cent salazopyrin were added 
to 20 different serum samples, the recovery was 
10.0 = 0.47 mg per cent. A recovery experiment is 
shown in Table II. 

The method also has been used for another 
similar compound, salazodimidin, which is salicyl- 
azo-sulfa-dimethylpyrimidine. The calculation factor 
in this case is 9.25. 


Table Il. Recovery experiment. 


Added amounts | Recovered amounts | Recovery 


of salazopyrin of salazopyrin in per cent 
1.0 0.88 88 
2.0 1.93 97 
5.0 4.93 99 
10.0 9.77 98 
SUMMARY 


A simple assay method for salazopyrin 
and analogous compounds in serum is de- 
scribed. 
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(Received for publication August 1, 1957) 


The methods of cleaning mercury recom- 
mended in textbooks (e. g. Peters & van 
Slyke, 1932; Harrison, 1947) are relatively 
laborious requiring cleaning towers of about 
one meter’s height. During our work we 
have found a more simple method which we 
think may interest others and which is briefly 
described below. The method is capable of 
cleaning grossly contaminated amalgam- 
containing mercury leaving adherent filnes 
on glass. 

The principle of the method is dripping 
of the mercury into dichromate cleaning fluid 
consisting of 500 g sodium dichromate, 5 
litres concentrated sulphuric acid, and 5 litres 
distilled water, a volume of this fluid in ml 
corresponding to the weight of the mercury 
in g being adequate. 

Tt is important that the mercury drips 
through the cleaning fluid in fine drops, and 
this can be achieved by means of a glass fun- 
nel connected to a fine glass jet with a short 
piece of rubber pressure tubing. The cleaning 
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fluid is placed in a glass cylinder in such @ 
way that the distance from bottom to surface 
is about 20 cm, and the mercury is allowed 
to drip through the fluid and collect on the 
bottom of the cylinder where it is left ove 
night. Subsequently the mercury is thorough 
ly washed with water untill the washings are 
neutral and dried by means of filter paper 

As a rule one passage through the cleaning 
fluid was sufficient to clean the mercury pe s 
fectly, but occasionally two passages were 
required. The weight loss of a very dirty 
sample of mercury weighing 958 g passed 
twice through cleaning fluid in this way was 
found to be 7.5 per cent. 
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. Phe Cr EL UIEAKY GUN KOREN POR WRITING 
| ON KYMOGRAPH-PAPER 


BY PaPELPRSEN 


From the Institute of Physiology, U 


niversity of Lund, Lund, Sweden 
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‘he classical method of recording in the 
siology laboratory is a smoked paper 
m. For certain purposes it is convenient 
ecord on white paper with an ink record- 
device. 
the author has for many years used a 
of his own design. This pen and the 
ious steps in making it are shown in 
. 1. One of its basic parts consists of a 
vethylene tubing with an external dia- 
er of 2.4 mm and an imternal diameter 
.9 mm. A piece of tubing, about 120 mm 
>, is bent at right angles (Fig la) over 
uniature gas flame. Each leg is about 42 
| when the pen is 35 mm long. The bend- 
is easier and the angle is more exact if 
ore of tin is inserted into each end of 
tube. The commercial tin for radio work 
e minor size) fits well into a 1.9 mm hole. 
er bending, the tube is allowed to cool 
about 10 minutes before the tin cores are 
idrawn. The tube is then cut to size ac- 
ling to Fig. 1b. A capillary of stainless 
1 with a brass fitting 1s made from a 
ular injection needle No. 16 (0.60 mm 
srnal diameter) by shortening the steel 
ary to 3 mm (Fig. 1 c). The original 
ss fitting is turned on a lathe and cut 
mm to an external diameter of 2 mm and 
ngth of 4 mm. The tip of the needle is 
fully polished with emery polishing paper 
a hard Arkansas stone. This reshaped 
lle is inserted into the bent tube to give 
complete pen shown in Fig. 1 d. 
- is advisable to use a type of ink which 
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Ss Tin core 
1/7 — Pen-tube 
7 10 mm G 
A Point of pen 
airy prar ee 10 mm 
BE 
at ; 
fi | 
eee D | 
\ (y Lever of recording 
A » Tin core Aaa mm device 
ye 
Fig. 1. Capillary ink-pen in different stages. 


A. Polyethylene tube with tin core and bent at 
right angles. B. The pen-tube cut to size. C. Point 
of pen. D. Pen mounted on lever. 


does not easily clog the pen. The following 
material has proved satisfactory: Fountain 
pen ink, 12 parts by volume to which is ad- 
ded 1 part by volume glycerol. Red and green 
types are preferable as well as certain light 
blue ones. Other tend to clog. The pen is 
filled from the free opening of the tube by 
the aid of a small greased syringe. Rinsing, 
which rarely 1s necessary if a suitable ink 
mixture is used, can be affected by pressure 
from the syringe and by using a rinsing 
needle. It is advantageous to reshape the free 
end of the pen tube with a warmed conical 
metal rod which is pressed into the lumen 
so as to give the free tube end an internal 
conical shape that fits the external cone of 
the syringe. To obtain less inertia, a pen of 
considerably lower weight can be made on 
the same principle. This is achieved by using 


Le 


a thinner tube with an external diameter of 
1.8 mm, a point of stainless steel No. 18 
(0.47 mm external diameter) which ts cut 
to 1.5 mm and a brass fitting 1.4 & 2.5 mm. 
A complete pen with a tube 60 mm long has 
a weight of only about 250 mg including 
the ink. 

It should be noted that frequencies above 
10 cy/sec can not be recorded reliably with 
this type of ink pen. When used on electro- 


Pe PETERSEN 


magnetic signals and time markers, the stro 
should be small and excessive power (1. 
strong current) avoided. Otherwise the 
may flow from the pen through inertia. T 
pen point should be perpendicular to 
surface of the paper and the pressure as k 
as possible. The pen is mounted on the lev 
of any standard recording device with g 
and thread. 
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n open plethysmograph, originally in- 
ied for the study of orthostatic patients, 
constructed by the authors in 1954 at 
rehabilitation centre of Gothenburg. 
ve the apparatus has proved useful in the 
nination of “psychoneurotic” cases with 
tative disturbances, several psychiatric 
es have expressed their interest in the 
nod, and a brief description may be 
ified. 
ig. 1 shows the sheet tron container A 
» plast knobs for the lid; plast floor B; 
-piece C (plast bottom, brass plate) ; two- 
e plast lid D, in the figure turned upside 
a to show glass tube under the floater 
; wooden knee-bridge E; one of the two 
: clamp-screws F, fixed to the brim of 
‘container to keep knee-bridge from 
ng; wooden recorder bridge G with brass 
, forked at the end and pierced by the 
spindle of the recorder lever. The floater 
yadie from a 60 mm light metal lid with 
andard (cedar wood, 2 * 4 * 150 mm) 
cd. to it. A needle through the bottom 
ss in a narrow glass tube. The top of 
standard is forked, the points of the fork 
ying tiny notches for the free recorder 
dle. The recorder lever (cedar wood, 
2 X 175 mm) hinges by its horizontal 
spindle from the staff of the recorder 
ge, while its horizontal free spindle 
hin needle through the lever) rests upon 
top points of the floater. The distance 
‘een the spindles, as well as between the 
and the standard in position, is 11 mm. 
the free end of the lever are wedged 
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A SIMPLE CALF AND FOOT PLETHYSMOGRAPH 


By C.-G. BERGLIN and L. KAGEBY 
From City Health Department, Gothenburg, Sweden 


2) 


22, 1957) 

a steadying wood splint and a small paper 
shp carrying the writing glass needle. It is 
essential that floater and recorder should 
have little mass and low vibration tendency. 

A water temperature of 36° C falls only 
slightly, by about 2°, during an hour, cor- 
responding to a decrease of the water volume 
of 11 ml, that is, .0002 per degree. 

A tubber air cuff round the distal part 
of the thigh permits application of different 
pressures on the thigh vessels. (Agr cuff 
round the ankle for shutting off foot circula- 
tion has beeni used in some experiments, too. ) 

At the beginning of the examination, the 
strictly vertical movement of the writer is 
tested and calibration made by repeated: ad- 
dition of 10 ml of water. After the examina- 
tion, leg volume 1s determined by adding 
known quantities of water until the lever 
reaches its former position again. 

The apparatus permits study of local sys- 
tolic pressure, local venious pressure, nespira- 
tion waves, pulse waves, tissue fluid accu- 
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Fig, 2. 


mulation and blood flow, as well as ortho- 
static, pharmacological, sensory and psycho- 
logical reactions. 

For measurement of blood flow ad modum 
Brodie (1905), see Barcroft (1953). In 
examinations where the stasis curve rises 
from an oblique basic curve, a modification 


is called for, as in Fig. 2. A vertical line J 
and a millimeter scale i are etched upon 4 
transparent plate. From a point j on 


stasis curve a line j—k is drawn, parallel 
to the interrupted basic curve. The plate 1 
placed with h going vertically through 7 and 
the distance between stasis curve and the 
line 7—k is determined from the millimeter 
scale. This value depicts the blood flow du 
ing the time elapsed when the kymograph 
paper has moved from / to 7. Barcroft’s for- 
mula (1. c., p. 149—150) then gives the real 
value of the blood flow. 
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PoE YPERBILIRUBINEMIC AND HYPERFERRICEMIC 
| 2EIVO NOE NICOTINICACLD 


ata presented by Mattei (1946), Franchi 
isolo (1949), Belsasso, Risolo & Zuc- 
(1951) and Laurell (1953) suggest the 
ibility that nicotinic acid increases the 
iwascular hemoglobin break-down. Dur- 
he first hour after an intravenous injec- 
of nicotinic acid, the serum bilirubin 
tally increases at the same rate as the 
ma iron. Laurell (1953) assumed the 
sglobin break-down during this time to 
bout 4 times normal. It is, however, not 
vn ‘how nicotinic acid brings about this 
k-diown. 

‘en non-viable but compatible red cells 
given to healthy subjects, a similar in- 
sé I serum iron and serum bilirubin is 
mced. 50 ml of bliood stored: in citrate, 
‘per cent) for 14 days at 4° C was. admi- 
ed within 5 minutes. The serum iron 
serum bilirubin were determined before, 
unutes and 60 minutes after the infusion 
at the same interval after the injection 
eotinic acid. Two examples of the results 
ined are given in the table. 

ccording to investigations of Ross, 
h, Peacock & Sammons (1947) it can 
oncluded that some 25 per cent of red 
stored in citrate for 14 days disappear 
the circulation within 1 hour. Bothwell, 
tado, Donohue & Finch (1956) found 
when the blood had been stored for 21 
, some 50 per cent of the red cells dis- 
ar within 2 hours of infusion. 

1e observation set forth above may sug- 
that the injection iof nicotinic acid leads 
estruction mainly of aged erythrocytes. 


Table I. Serum bilirubin and serum tron 
concentrations after infusion of stored blood 
(A.— subject: P. B. 25 years) and after 
intravenous injection of nicotinic acid 
(B. — subject: G. F. 28 years). 


Serum bilirubin | Serum iron 


Minutes Se 5 
a eee meg/100 ml ug/100 ml 
injection A | B A | B 
eat 0.93 0.62 163 118 
30 1.08 0.70 168 127 
60 1.68 £23 236 182 
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EFFECT OF ETHER-INSOLUBEE, PHOST i hiya 
ON PLASMA RECALCI FICATION TINE 


In experiments on dairy produce ether in- 
soluble phiosphatides were found which ac- 
celerated the recalcification time of human 
plasma. For comparison the ether-insoluble 
phosphatides were extracted from ox-brain 
and their effect on recalcification times ob- 
served. 

METHOD 


Macerated ox-brain, after dehydration and ex- 
traction with acetone and ether, was extracted with 
hot ethanol. The ethanol extract was evaporated 
to dryness and the material obtained was called 
the crude ether-insoluble fraction. This was treated 
with pyridine according to Rosenheim & Tebb 
(1910) thus separating the previous fraction into 
cold pyridine-soluble and insoluble parts, the former 
containing the crude cerebrosides, the latter the 
crude sphyngomyelins. 

The sphyngomyelins were purified by the method 
of Thannhauser, Benotti & Boncoddo (1946). The 
insoluble material was dissolved in chloroform, pre- 
cipitated by five volumes of acetone, treated with 
0.25 N NaOH for two days at 4°C, acidified, 
washed and the precipitate suspended in warm 9:1 
petroleum-ether-methanol mixture. The insoluble 
brown residue was discarded, the supernatant solu- 
tion cooled to 4° C and the white precipitate puri- 
fied by repeated solution in warm n-propanol. 

The cerebroside fraction was purified by acetone 
precipitation from pyridine. 

Both fractions were refluxed with diethyl-ether 
for three hours, the insoluble material centrifuged 
out, dissolved in warm ethanol and crystallized by 
cooling to 0° C. The cerebroside crystals appeared 
like clusters of flat oyster shells. The sphyngo- 
myelin crystals were long, thin needles, soluble in 
warm glacial acetic acid, and benzene, but insoluble 
in cold ethanol; gave negative Blix, Molisch and 
Schiffe tests; and dispersed to give emulsions 
in water. 

The cerebroside was soluble in cold ethanol and 
pyridine, gave negative Schiffe and Blix, but a 
positive Molisch test. 


The materials were stored under n-propanol and 
before use were washed with acetone and ether 
to remove all the propanol. The resulting powders 
were finally dissolved in veronal buffer to give 
concentrations of 50 mg/100 ml. 

The recalcifications were performed as_ pre 
viously described (Kingsbury & Morgan, 
using 0.1 ml of phospholipid solution and 1 ml of 
fresh human fasting plasma. 


RESUMES 


These are from three separate extractions, 


averages of three consistent series for t 
substances of one extraction (see Table). 
The figures for the controls are the averages 
of all control series performed with the same 
plasma before, between, and after the test 


substanices from one extraction. 


DISCUSSION 


These results show that, although the 
crude ether-insoluble residues were inactive, 
a coagulating action appeared in the sphyn- 
gomyelin fraction following pyridine extrac- 
tion which increased as the material was 
purified. Also, an anticoagulant, apparently 
as powerful as the sphyngomyelin coagulant, 
appeared in the cerebroside fraction. This 
activity, however, disappeared on purifica- 
tion. The cerebnoside crystals, thought to be 
mostly phrenosine, had no effect on the re- 
calcification. times. 


SUMMARY 


From the crude ether-insoltuble phospho- 
lipids of ox brain were separated a coagulant 
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EFFECT OF ETHER-INSOLUBLE PHOSPHATIDES ON PLASMA RECALCIFICATION TIMES ily 


Wable lL ipect of extractions ow recalc f.cat.on tanec, 


it material Clotting times of extractions 
1 2 3 
min. sec. min. sec. min. sec. 
itrols 5 330 5 55 4 43 
de ether-insoluble 6 58 5 58 5 7 
d pyridine-insoluble 4 15 4 52 3 34 
d pyridine-soluble 8 53 9 14 7 48 
d pyridine insoluble from above 
Sphyngomyelins ) 
owing one hydrolysis 4 1 4 53 3 47 
lowing two hydrolysis 3 35 4 26 & 16 
er precipitation from pet. ether-methanol 3 40 4 15 3 15 
precipitation from hot propanol 3 D2 4 15 3 20 
precipitation from hot propanol 3 38 3 51 3 5) 
luxed with ether 3 iS 3 47 3 5 
rystalisation from hot ethanol 3 4 §} Be, 2 54 
d pyridine-soluble from above 
Cerebrosides) 
er 2nd pyridine extraction 8 32 8 oy 7 13 
luxed with ether 6 15 6 20 5 42 
‘rystalisation from hot ethanol 5 22 5 34 5 00 
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GLUTAMIC OXALAGCETIG TRAN SAIN 
AND ZONE ELECTROPHORESIS7C hea ae 


The determination of serum glutamic 
oxalacetic transaminase (SGOT) has shown 
to be of diagnostic value in various diseases 
associated with tissue necroses. Among the 
investigations of physicochemical properties 
of this enzyme no reports concerning the 
electrophoretic mobility have as yet been 
available. 

The preparative zone electrophoresis of 
serum as described by Nikkila, Haahti & 
Pesola (1953) seemed to us to be a conve- 
nient method to determine the localisation of 
SGOT in relation to serum electrophoretic 
protein fractions. This was carried out in 
polyvinylchloride — Geon 426 — resin using 
0.05-M medinal-HCl buffer pH 8.6. After 
running 36 hours the resin was cut into %%- 
cm strips. From each of these the proteins 
were eluated with 3.0 ml of saline solution. 
The protein content of each eluate was cleter- 
mined with the Folin-Ciocalteau-reagent as 
suggested by Kunkel & Tiselius (1951) using 
0.1 ml of eluate. The SGOT activity of each 
eluate was determined by the method of 
Umbreit, Rahway, Kingsley, Schaffert & 
Siplet (1957). Considering the low GOT 
activity of normal sera as determined by this 
method and the incomplete protein recovery 
with saline elution, a serum with elevated 
GOT activity (200 units) was selected (myo- 
cardial infarction). 

The localisation of SGOT activity in rela- 
tion to protein distribution is demonstrated 
in Fig. 1. SGOT fraction lies between ae 
and 8 globulins as a rather narrow and dis- 
tinct peak with maximum activity of 52 units. 
It has been stated in other connection that 
the Geon-426-resin is an indifferent medium 
with poor adsorptive properties on proteins. 
Thus it might be assumed that the result of 
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Fig. 1. Comparison of activity of glutamic oxal 

acetic transaminase with protein distribution in dif 

ferent zones of electrophoretic fractions of serum i 
a patient with myocardial infarction. 


the present study demonstrates the electro 
phoretic mobility of SGOT without any spe 
cific disturbing adsorptive effects of medium 
The electrophoretic mobility of GOT in 
various tissues and pathologic conditions ar 
under further study in our laboratory. 


ADDENDUM 
Since this paper was sent to publication a report 
of similar investigation has been abstracted i: 
Transact. Internat. Congress of Clin. Chem. 1957 
(Scand. J. Clin. & Lab. Invest. 10: suppl. 31) by 
G. Junger. Since no detailed data from the work 
has been available, the difference of results from 
our study is difficult to interpret. 
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